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The Colorimetric Estimation of N(2-Pyridyl) 
Substituted Anti-Histamine Drugs** 


By HURD M. JONESt{ and EDWARD S. BRADY§ 


Tripelennamine with cyanogen bromide in a solution of potassium acid phthalate 
forms, upon the subsequent addition of aniline, a yellow-colored compound which 


obeys Beer’s law. This reaction may be used to determine from one-half to ten 


— of tripelennamine (Pyribenzamine) in solution. 
tabl 


Aqueous extracts of the 


ets, elixir, and cream gave results consistent with other methods of assay. 
Urinary excretion of tripelennamine after oral administration was also estimated 
by this colorimetric method. The extension of this method to the assay of other 
N (2-Pyridyl) substituted antihistamines in pharmaceuticals and urine has shown 
—_ results, and colored compounds suitable for colorimetric estimation 
ave been obtained with thenylpyramine (Histadyl) and pyranisamine (Neo- 


K°" observed the formation of a colored 
compound when pyridine was reacted with 
cyanogen bromide and aniline (1). This reaction 
has been employed for the colorimetric quantita- 
tive determination of nicotinic acid (2,3). Others 
have employed p-methylaminophenol (4) and 
p-aminoacetophenone (5) in place of the aniline 
with satisfactory results. Workers have indi- 
cated that this reaction is less valuable in the 
assay of pyridyl derivatives having substitutions 
on the alpha position (6). However, since the 


* Received April 30, 1949, from the School of Pharmacy, 
University of Southern California, Los Angeles 

Presented to the Scientific Section, A. Pu. A., Jacksonville 
meeting, April, 1949. 
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Graduate School of the University of Southern California in 
partial fulfillment of the requirements for the degree of M.S. 
in Pharmacy. 
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Houston, Tex 

§ School of Pharmacy, University of Southern California, 
Los Angeles. 
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commonly used methods of analysis of 2-pyridyl 
substituted antihistamine drugs are somewhat 
slow, often involving the precipitation of the 
base as the dipicrate (7), an investigation of the 
K6nig reaction as applied to this group of com- 
pounds was undertaken. Those antihistamine 
compounds which contain the pyridyl group as a 
part of their structure are tripelennamine (Pyri- 
benzamine—Ciba), thenylpyramine (Histadyl 
—Lilly), methapyrilene (Thenylene—Abbott), 
pyranisamine (Neo-Antergan—Merck), prophen- 
pyridamine (Trimeton—Schering), and doxyl- 
amine (Decapryn—Merrell). Tripelennamine 
hydrochloride was used for most of the pre- 
liminary work, but the other antihistamine drugs 
listed respond in a similar manner to give 
colored compounds which obey Beer’s law and 
may be quantitatively determined by this method. 


| 
| 
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EXPERIMENTAL 


Reagents.—-A stock solution of tripelennamine 
hydrochloride 1 mg./ml. was used for the prepara- 
tion of standard dilutions. Solutions of the tablets, 
capsules, and elixir were prepared by simple solution, 
and those of the cream and ointment by extraction 
with water; the final volume was adjusted so that 
the concentration approached that of the standard. 
Reagents employed were: cyanogen bromide, 4% 
aqueous solution; aniline, 4° in alcohol; and 
potassium acid phthalate, 2°; aqueous solution. 

Procedure.—To 3 cc. of the standard dilutions, or 
of the solution to be assayed, representing concen- 
trations of from one-half to 3 mg. of the drug, 1 cc. 
of cyanogen bromide solution and 5 cc. of potassium 
acid phthalate solution were added, and, after fifteen 
minutes, 1 cc. of the aniline solution. After twenty 
more minutes, readings were taken on the Klett- 
Sommerson photoelectric colorimeter, using a blue 
(400-465 mu) filter. The zero setting was deter- 
mined in the usual manner, employing 3 cc. of dis- 
tilled water in place of the tripelennamine solutions, 
and adding the reagents as listed above. Results 
obtained from standard solutions and various prep- 
arations are shown in Fig. 1 and Table I. 


v 
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i i i i 1 l 
05 1.0 1! 2.0 2.5 3.0 
Mg. tripelennamine in 10 ml. 


Fig. 1.—Calibration curve for tripelennamine. 


Comment.—Although the optimum pH for this 
reaction in the determination of nicotinic acid has 
been established at 5.5 to 7.5 (6), precipitation oc- 
curred in the antihistamine solutions when a phos- 
phate buffer of pH 7 was used. A stable system re- 
sulted at pH of 6, but the color, which developed 
more rapidly, also faded rapidly after the maximum 
intensity was reached. For that reason, the potas- 
sium acid phthalate solution used proved the most 
satisfactory, although a further investigation of the 
influence of buffer solutions and pH on this proce- 
dure is contemplated. 

Utilization of this method of analysis to investi- 
gate the rate of urinary excretion of tripelennamine 
was briefly undertaken. In four cases, 86°) to 91% 
of a 100-mg. dose was apparently excreted in four 
and one-half hours; in three of these cases, with 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


TABLE I.—COMPARISON OF ANALYTICAL METHODS 


Precipi- 


Colori- 
metric 
Method 


Theoreti- 


Material 
Tripelennamine 
PBZ tablets 
PBZ elixir 
PBZ cream 


specimens collected at half-hour intervals, maximum 
excretion occurred two to three hours after adminis- 
tration (Fig. 2). Although it is apparent that other 
pyridine compounds which occur in the urine (in- 
cluding nicotinic acid) would probably give results 
over longer periods indicating a greater than 100°; 
recovery of the antihistamine administered, this 
method may still prove of value in the study of the 
rate of excretion of these compounds. 


SUMMARY 


A colorimetric method for the determination of 
N(2-pyridyl) substituted antihistamine drugs has 
been presented. The opening of the pyridine 


Total mg. tripelennamine in specimen 


Time in minutes after 100-mg. dose 


Fig. 2.—Urinary excretion of tripelennamine. 


ring by cyanogen bromide and the coupling of 
the intermediate compound with aniline results 
in the formation of a colored complex which 
follows Beer's law. This method may be applied 
to the analysis of pharmaceutical products and 
urinary excretion of six proprietaries of this class. 
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The Evaluation of the Glycoside, Oleandrin, on the 
Embryo Chick Heart" 


By MORRIS M. WOLFRED 


Embryonic chick hearts of 48- to 50-hour development were dissected by known 
methods and exposed to glycosidal-Tyrode solutions in prewarmed chambers of 39°. 
Atrioventricular block took place in the majority of instances and was taken as the 


end point. 
cases these were taken as the end point. 


Occasionally dropped beats or diastolic arrest occurred first, and in such 
Twelve hearts were used for five concentra- 


tions of the drug. The length of the complete systole-diastole heart cycle, measured 


in seconds, was taken at minute intervals. 


The pharmacologic evidence indicated 


that the glycoside, oleandrin, has a cardiotonic action on the embryo chick heart. 

The results follow a quantitative pattern in relation to the speed of the complete 

heart cycle to the potency of the drug, the end result demonstrating cardiac fibrilla- 
tions ending in atrioventricular block. 


Asm is adopted for a rapid means of 

evaluating the therapeutic activity of the 
glycoside, oleandrin, obtained from Nerium 
oleander, on the embryonic chick heart. This 
procedure may also be applied as a means of bio- 
assay. 


HISTORY 


Nerium oleander Linné, a native plant of Asia, has 
been introduced into the United States and many of 
the warmer countries of the world. In the northern 
part of the United States, it is sometimes grown as a 
flowering house plant. Oleander, which belongs to 
the Apocynaceae family, was described in the writ- 
ings of Hippocrates and other ancient documents, 
indicating that knowledge of its poisonous properties 
is very old. The plant is highly toxic in the green as 
well as the dry state. Cattle, horses, sheep, and 
chickens have been poisoned by consuming the 
leaves. A few cases of poisoning have been reported 
among human beings, including a contact derma- 
titis. The symptoms of poisoning were described as 
nausea, vomiting, colic, vertigo, drowsiness, de- 
creased pulse rate, irregular heart action, marked 
mydriases, bloody diarrhea, unconsciousness, respirt- 
atory paralysis, and finally, death (1). 

The poisonous glycosides of oleander display prop- 
erties similar to those of the digitalis and stro- 
phanthus glycosides. The chemical structure of 
these cardiac glycosides shows that they are mostly 
hydroxylactones of the sterol hydrocarbons in which 
one hydroxyl group is attached to a carbohydrate 
molecule or to a chain of several carbohydrate mole- 
cules. 

On early investigation the active principle of 
Nerium oleander was thought to be an alkaloid. 
However, further research demonstrated that a 
glycoside called oleandrin, obtained from the leaves, 
was the main constituent. Oleandrin rotates the 
plane of polarized light to the left and is represented 
by the molecular formula C;, This compound 
is resistant to dilute acids and is slowly split into an 
aglycone called oleandrigenin, to which previously 


* Received May 23, 1949, from the Department of Phar- 
macology, School of Pharmacy, University of Southern Cali- 
fornia, Los Angeles. 


the formula C.;H sO. was given, but was shown to 
have the composition C,,HyO.. Oleandrigenin was 
obtained by treating gitoxigenin with acetic anhy- 
dride in pyridine at 0°. When heated with hydro- 
chloric acid in an aqueous solution of methyl alcohol, 
oleandrin yielded the aglycone oleandrigenin plus 
the sugar oleandrose. The constitution of ole- 
andrigenin and oleandrin was established in the 
following manner: oleandrigenin was oxidized with 
chromic acid in glacial acetic acid to oleandrigenone 
with a melting point of 250° to 252°, which gave, on 
treatment with concentrated hydrochloric acid, 
dianhydrooleandrigenone. The latter was proved 
identical with digitalgenone by the mixed melting 
point and the absorption curve (2). These results 
show that oleandrigenin contains at the third carbon 
a free hydroxyl group which was oxidized to a ketone 
group and the acetyl rest was at the sixteenth car- 
bon. Oleandrin contains, therefore, the sugar 
oleandrose, attached to the third carbon. As 
proved, oleandrin is very closely related to the digi- 
talis groups. 

Mention is made in the literature of an alkaloid 
found in oleander by Schmiedeberg (3), which he 
named neriine. This substance exists in the form of 
a yellowish white powder, which is very bitter, non- 
hygroscopic, extremely soluble in water, alcohol, 
and acetone, and insoluble in ether, chloroform, and 
benzine. 

Chen, Anderson, and Robbins (4), reported the 
action of acetyl-free oleandrin which occurs in 
nature and is known as desacetyl-oleandrin. They 
found desacetyl-oleandrin to be more prompt and 
less persistent in activity than oleandrin on cats and 
frogs. 

The glycoside oleandrin, C,,H has the follow- 
ing physical properties: white needles from 50°% 
alcohol, practically insoluble in water and methyl 
alcohol, soluble in alcohol. ether, and chloroform, a 
melting point of 249° to 250°, and [a]p —45.95 (5). 


EXPERIMENTAL 


Extraction of Oleandrin.— Distribution of cardiac 
glycosides in various plants varies quantitatively 
with the portion of the plant used as raw material for 
their isolation. The leaves of Nerium oleander 
were picked between September and January from 
mature trees growing on the Pacific coast and con- 
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tained no signs of degeneration or fungus growth. 
The leaves were chosen for this work because ex- 
perimental evidence proved that they contained the 
highest percentage of glycoside. The leaves were 
coarsely ground and their expressed juice added to 
the ground drug. They were then placed in a perco- 
lator, macerated for twenty-four hours, and the 
glycoside extracted by means of an aqueous alcoholic 
extract asa _menstruum. The tannins were precip- 
itated with lead subacetate and separated by filtra- 
tion. The excess lead was eliminated from the fil- 
trate by means of sodium oxalate. A neutral salt 
such as ammonium sulfate was used to precipitate 
out the glycoside, which was then filtered and sepa- 
rated by dissolving in a 50% aqueous alcoholic solu- 
tion. The glycoside was then extracted from the 
alcoholic solution by the use of chloroform. The 
chloroform was evaporated and the glycoside crys- 
tallized from an alcoholic solution. The average 
yield of oleandrin was 0.08°%. Experimental prog- 
ress in the extraction was traced by means of a 
microscope, which was used in identifying the puri- 
fied crystals. Fractional crystallizaton was also 
undertaken in obtaining the glycosides in pure state. 
Melting points were used to confirm the crystals. 
Action on Embryo Chick Heart.—Embryonic 
chick hearts of 48- to 50-hour development were dis- 
sected out by the following procedure: A window 
was cut in the shell of the egg by first drilling a small 
hole and widening the orifice with a pair of scissors 
until the yolk was exposed. The albumen was 
withdrawn by means of suction and the embryo dis- 
sected by the method of Paff (6, 7), in which the 
embryo was lifted from the yolk, transferred to a 
Tyrode solution, and placed under a dissecting 
microscope. The amnion was removed first, the 
conus and the sino-atrium dissected and placed in a 
well of Tyrode solution, and a slip cover placed over 


the well. The solution was prewarmed to 39° 
prior to immersion of the heart. 

The Tyrode solution was made up to give a pH of 
7.4 according to the following formula (8). 


Stock solutions of Tyrode and oleandrin dissolved 
in 95° alcohol were prepared. Control experi- 
ments showed that Tyrode solutions containing 2° 
alcohol had no discernible effect on the hearts (9). 

At the time of testing, the dissected chick heart 
was placed in a well-shide filled with Tyrode-oleandrin 
solution warmed to 39°, prepared as above. The 
well was covered and the time from immersion of the 
heart into the solution until the first appearance of 
cardiac irregularities was measured with a stop 
watch. Atrioventricular block was, in the great 
majority of instances, the first reaction, giving evi- 
dence of the action of the drug on the heart. Occa- 
sionally dropped beats or diastolic arrest occurred 
first, and in such cases these were taken as the end 
point. With continuous observation the end point 
is quite sharp. A series of concentrations were 
chosen where cardiac irregularities appeared on the 
average in three to ten minutes. Twelve hearts 
were used for each of the six concentrations of the 
drug. 

Stop-watch recordings on cardiac irregularities 
were taken at one-minute intervals, or less in the 
case of stoppage of the heart. Dilutions of the 
glycoside were made up accordingly—1:5, 1:10, 
1:100, 1:1000, and 1:2000 concentrations. The 
results are recorded in Tables I to V, inclusive. 
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II.—1: 10 ConCENTRATION 


A-V Heart Length of Systole-Diastole Cycle in Seconds Taken at Minute Intervals 
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Minutes 2 Min. 3 Min. 4 Min. 5 Min. 6 Min. 
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TABLE III.—1: 100 CONCENTRATION 


A-V 7% Length of Systole-Diastole Cycle in Seconds Taken at Minute Intervals 
Block in 
Minutes 2 Min. 3 Min. 4 Min. 5 Min. 6 Min. 
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Tas_e I1V.—1: 1000 CONCENTRATION 


Length of Systole-Diastole Cycle in Seconds Taken at Minute Intervals 
4 Min. 5 Min. 6 Min. 
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TABLE V.—1:2000 CONCENTRATION 


A-V Heart i Length of Systole-Diastole Cycle in Seconds Taken at Minute Intervals 
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SUMMARY 


The glycoside, oleandrin, is closely related to 
the glycosides of digitalis and hydrolyzes prac- 
tically identical to the glycoside gitoxin. This 
similarity in structure accounts for its strong 
pharmacodynamic action on the embryo chick 
heart. 

The method used for extraction of the glycoside 
consisted of a combination of experimental and 
established methods and demonstrated that the 
glycoside, oleandrin, may be readily obtained in 
crude form and its purification followed by 
microscopic method of alcoholic crystallization. 
The yield of the glycoside, oleandrin, was 0.08 per 
cent. 

The pharmacologic results indicate that oie- 
andrin has a cardiotonic action on the embryonic 
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chick heart, which follows a quantitative pattern 
in relation to the speed of a complete heart cycle 
to the potency of the drug, the end result demon- 
strating cardiac fibrillations ending in atrio- 
ventricular block. 
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The Antioxidant Effect of 2,2',3,3’-Tetrahydroxy- 
5,5'-Dimethyl Biphenyl” 


By YUCHUNG CHANG# and OLE GISVOLD{ 


The antioxidant effect of 2,2',3,3'-tetrahy- 
droxy dimethyl biphenyl (T. D. B. P.) was de- 
termined in lard, corn oil, and soybean oil, 
with and without the synergist citric acid, us- 
ing the Swift stability method. Nordihydro- 
guaiaretic acid (N. D. G. A.) was also tested 
under the same conditions. T. D. B. P. was 
shown to be considerably more effective in 
lard and corn oilthan N. D.G. A. In the case 
of soybean oil, T. D. B. P. was slightly better 
than N. D.G. A. 


TC IS WELL KNOWN that compounds with two or 

more phenolic hydroxyl groups which are in 
ortho or para positions to each other are effective 
antioxidants. Many of these compounds such as 
hydroquinone and catechol are too toxic to be 
used in edible substances for their antioxidant 
effect. The naturally occurring substance, nor- 
dihydroguaiaretic acid, is a very effective anti- 
oxidant for animal fats (1) whereas its effective- 
ness for vegetable oils, like most phenolic anti- 
oxidants, is not very great. Even though nordi- 
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hydroguaiaretic acid contains two catechol 
groups, its low solubility in water no doubt con- 
tributes much to its nontoxicity. The synthesis 
of several a,w-bis-(3,4-dihydroxyphenyl)alkanes 
(2) showed no advantage over nordihydroguaia- 
retic acid. 

No alkylated biphenyls that contain catechol 
groups in each benzene ring had been previously 
reported in the literature. Because these com- 
pounds should be somewhat readily prepared, a 
series was synthesized (3) in which the alkyl 
chain had 1, 3, and 5 carbon atoms, respectively. 
A preliminary investigation of their entionidant 
activities in lard indicated that 2,2’,3,3’-tetra- 
hydroxy-5,5’-dimethyl biphenyl was half again 
as effective as 2,2’,3,3’-tetrahydroxy-5,5’-dipro- 
pyl biphenyl, which, in turn, was as effective as 
nordihydroguaiaretic acid. This preliminary 
data warranted a more complete study of the an- 
tioxidant activity of 2,2’,3,3’-tetrahydroxy-5,5’- 
dimethyl biphenyl. 


EXPERIMENTAL 


The antioxidant properties of 2,2',3,3’-tetrahy- 
droxy-5,5’-dimethyl biphenyl in fats in varying con- 
centrations with or without the synergist citric acid 
were tested. Parallel tests with nordihydroguaiare 
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tic acid were made for the purpose of comparison. 
The tests were carried out by the Swift stability 
method (4) at 97.7°. In this experiment, however, 
an oil bath was used instead of the steam bath as was 
used in the Swift stability method. The oil bath was 
heated electrically by a resistance wire immersed in 
the oil, and was conveniently maintained at a con- 
stant temperature by a rheostat. 

The fatty materials chosen for this work were 
lard' (kettle rendered), corn oil,? and soybean oil? 
(edible). The antioxidants were added to the fats 
directly. The synergist, citric acid, was first dis- 
solved in alcohol, then added to the fats. The alco- 
hol was readily removed by the conditions of the ex- 
periment. 

The approximate end of the induction period was 
approached by the method of Stebnitz and Som- 
mer (5). For lard, 1 cc. of 0.01 N sodium hydroxide 
solution was added to the test tube containing 
methyl red as an indicator and for corn oil and soy- 
bean oil, 1.8 and 2 cc. of the sodium hydroxide solu- 
tion were added, respectively. The development of 
an orange color in the sample of oil immediately be- 
fore rancidity was also used to assist in the detection 
of the end of the induction period (6). This orange 
color had its origin from the pigments naturally 
present in these vegetable oils. 

The peroxide values of the fats were determined 
iodometrically by the procedure in the Swift stabil- 
ity method. For lard, the keeping time was ex- 
pressed as the number of hours of aeration neces- 
sary to raise the peroxide value of the sample to 20 
milliequivalents of sodium thiosulfate per 1000 Gm. 
of fat. For corn or soybean oil, the keeping time 
was the number of hours required to raise this value 
to 100 milliequivalents. The results were inter- 
preted in terms of the antioxidant index, that is the 
ratio of the keeping time of fat with antioxidant 
(with or without the synergist) to that of the unpro- 
tected fat. These results are expressed in the follow- 
ing tables. 


Taste 1.—Prorective Inpices IN Larp 
Antioxidant 

0.00L% T. D. B. 

0.001% T. D.B. +-0.005% 
citric acid 

0.002% T. D. B. P. 

0.002% T. D. B. P. +0.01% 
citric acid 

0.005% T. D. B. P. 

0.005% T. D. B. P. +0.025% 
citric acid 

0.001% N. D. G. 

0.001° N. D.G. A. +0.005% 
citric acid 

0.002% N. D. G. A. 

0.002% N. D. G. A. +0.01% 
citric acid 

0.005% N. D. G. A. 

0.005% N. D.G. A. +0.025% 
citric acid 


Protective Index 
10/3.5 = 2.8 


19.5/3.5 
20/3.5 


33/3 .5 
31/3.5 


55/3.5 
8.5/3.5 


18.5/3.5 
16/3.5 


31/3.5 
26/3.5 


45.5/3.5 = 13.0 


D. B. P. = bi- 
heny! 
6 N. D.G. A. = Nordihydroguaiaretic acid. 


: Radi supplied by Armour and Company, St. Paul, 
Mi 


Kindly supplied by the Corn Products Refining Co., 
Argo, Ill 

* Kindly supplied by the A. E. Staley Mfg. Co, Decatur, 
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TaBLe II.—Prorsctive INnpices IN Corn OIL 


Antioxidant Added 

0.005% T. D. B. P.* 

0.005% T. D. B. P. +0.005% 
citric acid 

0.01% T. D. B. P. 

0.01% T. D. B. P. +0.005% 
citric acid 

0.02% T. D.B 

0.02% T. D. B Pp. +0.01% 
citric acid 

0.005% citric acid 

0.005% N. D. G. A” 

0.005% N. D. G. A. +0.005% 
citric acid 

0.01% N. D. G. A. 

0.01% N. D. G. A. +0.005% 
citric acid 

0.02% N. D.G. A. 

0.02% N. _D. G. A. +0.01% 
citric 


Protective Index 
18/13 = 1.3 


31/13 = 
20/13 = 


35/13 = 
21.5/13 = 
40/13 
19/13 
13/13 


23 .5/13 
13/13 


26/13 
15.5/13 


32.5/13 = 


a Cf CFS 


aT. D.B. P. = 2,2’3,3’-Tetrahydroxy-5,5’-dimethy! bi- 
ay 


D. G. A. = Nordihydroguaiaretic acid. 


Tas_e III.—Prorective INpices IN SoYBEAN OIL 


Antioxidant Added 

0.005% T. D. BR. P.* 

0.005% T. D. B. P. +0.005% 
citric acid 

0.01% T. D. B. P. 

0.01% T. D. B. P. +0.005% 
citric acid 

0.02% T. D. B 

0.02% "p. +0.01% 
citric acid 

0.005% 

0.005% N. D. G. A.’ 

0.005% N. D. G. A. +0.005% 
citric acid 

0.01% N. D.G 

0.01% N. D. G. * +0.005% 
citric acid 
0.02% N. D.G. A. 

0.02% N. D. G. A. +0.01% 
citric acid 


Protective Index 
14.5/11 = 1.3 


18/1. = 
16/11 = 


21/11 = 
19.5/1l = 

23/11 = 
13.5/11 = 
12.5/11 = 


16.5/11 
14.5/11 


19/11 
15.5/11 


21.5/11 = 


eT. D. B. P. = 2,2’,3,3’-Tetrahydroxy-5,5’-dimethyl bi- 
phenyl. 
N. D. G. A. = Nordihydroguaiaretic acid. 


SUMMARY 


The antioxidant properties of 2,2’,3,3’-tetra- 
hydroxy-5,5’-dimethyl biphenyl in lard, corn oil, 
and soybean oil showed it to be more effective 
than those of nordihydroguaiaretic acid. Very 
promising results were obtained with both lard 
and corn oil. 
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A Comparative Study of the Buffering Capacity of 
Various Commercially Available Gastric Antacids* 


By E. ROY HAMMARLUND} and L. WAIT RISINGt 


In order to obtain unbiased information that 
will serve to rate antacids according to their 
relative efficiencies, the study reported here 
wasundertaken. Twenty-four of the common 
gastric antacids of the nonsystemic type were 
a and compared potentiometrically 
or their relative buffering capacities. The 
data collected are presented. 


HIS STUDY was undertaken in order to make 

available comparative data on the buffering 
capacity of a wide selection of commercially 
available gastric antacids of the nonsystemic 
type. Although a number of investigators have 
reported on the efficiency of certain antacids, 
there is no authoritative comparison of a large 
list of the more wicely prescribed preparations. 
Such data should be available to the physician 
and the pharmacist. 

Systemic antacids were not included because 
modern therapy, particularly for prolonged treat- 
ment of hyperchlorhydria, seems to favor prep- 
arations that are not absorbed into the blood 
stream. 

Choice of method at first was considered to be 
no problem. The U. S. P. has a procedure for 
determining the acid-consuming capacity of col- 
loidal aluminum hydroxide and for magnesium 
trisilicate which are basic constituents of many 
nonsystemic antacids. The methods are simple 
and rapid. Several workers have recently 
pointed out, however, that these tests do not give 
an accurate picture of antacid function in situ. 
They have proposed more suitable procedures. 

Two of the recent modifications are those of 
Johnson and Duncan (1), and Holbert, Noble, 
and Grote (2,3). The following procedure alters 
somewhat the methods they suggest, but may 
represent a more informative, yet equally accu- 
rate technique. 


PROCEDURE 


Liquid Antacids. —Twenty-five milliliters of 0.1 N 
HCl is added to 8 ml. of antacid in a 250-ml. beaker 
and the mixture stirred continuously. The pH is 
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recorded immediately, then every five minutes there- 
after for the first thirty minutes. To simulate the 
continuous gastric secretion of HCl, an additional 25 
ml. of 0.1 N HCl is added to the mixture every 
thirty minutes. The electrodes of the Beckman pH 
meter (Model H) remain in the mixtures. Readings 
are taken just before the addition of the HCl. Dur- 
ing a test period of 3 hours, 10 readings are taken. 

Powdered Antacids or Powdered Tablets.— 
Twenty-five milliliters of 0.1 N HCl is added to the 
maximum recommended dose, or to any other se- 
lected quantity of antacid. The procedure con- 
tinues from here as for liquid antacids. 


EXPERIMENTAL 


Twenty-four antacids were compared as to their 
acid-consuming power by the methods outlined 
above. Those studied are designated in the follow- 
ing list by composition rather than by trade names. 
The figures in parentheses, i.e. (1:1), (2:4:1), ete., 
are the approximate quantitative ratios existing be- 
tween the active ingredients contained in each. 


Aluminum Hydroxide Gel 

Aluminum Hydroxide Tablets 

Aluminum Hydroxide Suspension 

Aluminum Hydroxide Tablets 

Aluminum Hydroxide + Magnesium 
silicate Suspension 

Aluminum Hydroxide Gel 

Aluminum Hydroxide Tablets 

Aluminum Hydroxide + Magnesium 
silicate Tablets (1:1) 

Aluminum Hydroxide + Magnesium Tri- 
silicate Suspension (1:2) 

Aluminum Hydroxide + Magnesium Tri- 
silicate Tablets (1:2) 

Aluminum Hydroxide + Magnesium Tri- 
silicate Powder (1:2) 

Magnesium Trisilicate + Powdered Milk 
Tablets (1:6) 

Aluminum Hydroxide + Magnesium Tri- 
silicate Suspension (1:2) 

Aluminum Hydroxide + Magnesium 
silicate Tablets (2:1) 

Aluminum Hydroxide + Magnesium 
silicate + Mucin Tablets (2:4:1) 
Aluminum Hydroxide + Magnesium 

silicate Suspension (1:2) 
Aluminum Hydroxide + Magnesium 
silicate Tablets (1:2) 
Magnesium Trisilicate Powder 
Magnesium Trisilicate Tablets 
Magnesium Trisilicate Powder 
Aluminum Hydroxide + Magnesium Tri- 
silicate Capsules (1:3) 
Magnesium Trisilicate Tablets 
Dihydroxy Aluminum Aminoacetate Tablets 
Inert Plastic Resin Capsules 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


Tri- 
Tri- 
Tri- 
Tri- 


The comparative data collected are shown in 
Tables I to V. Attention is particularly called to 
Table IV showing the additional buffering capacity 
of fresh homogenized pasteurized milk. 
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10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 

|| 


_ 


~ 


Nn 


How 


2Tab. 4 Cap. 


N 


C,1.0Gm. magnesium 


2 Tab. 


1D HOD 0D OD OD 


15 


SSRSSSBSSE 


44 
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OD HOD OD OD 


1.41 


OOO HOOD ODM 
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Powdered Tablets 


——Powdered Tablets 
——Additional Buffering Action of Milk 


RARFSSSER 


E 


BRBESASRSAS: 


OD OD HOD OD OR 


Max. Recommended Dose (8.0 MI.) 


~ 


—pH or Mrxtures or 0.1 N HCl wirn Antacip + 60 Mi. MILK or WATER 


Tas_e I.—pH or Mixtures or 0.1 N HCl + 8.0 Mt. or 1.0 Gm. ANracip 


A, 8.0 ml. Al(OH); suspension; B, 8.0 ml. Al(OH), plus magnesium trisilicate suspension; 


trisilicate powder; D, two powdered tablets of AI(OH)s + magnesium trisilicate + mucin. 


Tasve II1.—pH or Mrxturges or 0.1 N HCl + Maximum RECOMMENDED Dose ANTACID 


TABLE IV. 


Tasie I1.—pH or Mixtures or 0.1 N HCl + 1 Gm. Active INGREDIENTS or ANTACID TABLETS 


Key: 
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Liquids — - —---- — —--- Powders ———— 
ee 1.0 Gm. 
Min. 3 5 6 Q 16 ll 18 20 
'/s 2. 81 3.10 2.60 .80 80 1.20 1.30 1.40 
5 4. .62 4.38 4. .13 79 1.49 1.67 4.34 
10 4. .05 4.45 4. .60 03 1.83 2.09 5.50 
15 4. 21 4.52 4. .88 15 2.20 2.61 6.10 
20 4 .25 4.54 4. .10 23 3.55 3.73 6.28 
30 4 .28 4.59 4. .42 31 6.06 5.35 6.45 
60 4, 15 4.13 3. .23 50 1.77 1.75 6.08 
90 4 .74 3.54 2. 4 96 1.45 1.53 2.80 
120 3. 50 2.85 2. .97 74 1.25 1.44 1.96 
150 3) .89 2.27 2. .26 55 1.15 1.40 1.69 
180 2 .64 1.98 1. .76 29 1.10 1.37 1.55 
1.11 1.54 1.00 1 1.80 7.58 1 lim 
Time, —— —Sam 
Min 2 4 7 10 12 | 19 22 | |_| 
1.34 1.30 1.10 .20 «1.40 1.17 1.20 
5 2.10 1.80 1.70 2. .93 4.00 1.59 1.60 ; 
10 2.80 2.31 3.60 3. 48 5.10 2.21 1.90 ‘ 
15 3.65 2.98 3.94 3 5.37 4.50 2.23 
20 3.90 3.95 4.01 3 .87 5.53 » 5.83 2.90 ‘ ; 
30 4.15 4.10 4.038 4] .22 5.80 6.30 5.15 ‘ 
60 3.79 4.05 3.41 3) 54 5.24 §.63 1.90 
90 3.40 4.00 1.99 3 4.90 2.38 1.72 
120 2.50 3.96 1.63 2] 56 4.38 1.79 1.62 ; 
150 2.00 3.95 1.50 3.76 1.59 1.53 
180 1.85 3.92 1.41 1 .23 2.92 1.48 1.48 ‘ 
" 1 Tab. 1 Tab. 4 Tab. 3T, 4 Tab. 2 Tab. 3c 
Mia.” 2 4 | 17 19 2 
1.30 1. 65 1.20 2 
5 Ru 1.48 3 58 2.19 5 
10 2 1.75 4 .49 5.50 6. 
15 2. 2.12 4 .90 6.00 6 
20 3 3.14 4 .10 6.20 6 
30 3 4.02 4 36 6.51 6 
60 2. 4.00 4 48 6.20 5 
90 2. 3.95 4 .97 5. 3 
120 3. 3.94 3 86 ff 3 
150 3.91 3 .82 3 
180 Be 3.90 3 .0o 3 .78 1.80 2. 
CU 
Min Milk Milk Milk M H:0 
i 5.25 5.70 4.20 5.10 1.32 5 1.30 
5 5.50 6.10 4.47 5.32 1.98 5. 2.00 
10 5.61 4.54 5.37 2.17 5 2.55 
15 5.69 4.62 5.43 2.37 5 3.50 
20 5.72 4.65 5.49 2.63 5 4.30 
30 5.75 4.76 5.68 3.60 5 5.60 
60 4.44 : 4.23 4.44 1.95 5. 4.53 
90 3.68 ‘ 4.10 3.40 1.73 4 3.38 
120 3.04 , 3.91 2.54 1.58 3 2.58 
150 2.52 ; 3.66 2.11 1.50 2 2.11 
180 2.31 3.30 1.90 1.30 2. 1.86 
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TABLE V.— 


pH or Mrxtures or 0.1 N HCl Pius Varrous Doses or ANTACID 


_ 


81 


q 


* Key: A, aluminum hydroxide 
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DISCUSSION 


Most of the nonsystemic antacids on the market 
can be divided into three groups: 


1. Those containing principally aluminum hy 
droxide. 
Those containing principally magnesium tri- 
silicate. 
3. Those which are combinations of aluminum 
hydroxide and magnesiur trisilicate 


» 


Group 1 gives a moderately rapid rise in pH, 
generally to 4.0 or 4.25. The fali in pH over the 
three-hour test period is gradual, remaining at about 
3.5 for ninety minutes then declining to less than 3.0 
at one hundred-eighty minutes. 

Group 2 drives the pH immediately up to 5.0-7.0. 
The sustaining action is weak and the decline to be- 
low pH 3.0 is rapid. 

Group 3 produces an initial rise in pH, with a sub- 
sequent decline, the speed of which depends upon the 
ratio of the active constituents present. A pre- 
dominance of magnesium trisilicate furnishes its 
characteristic rapid rise in pH, generally above 4.5, 
but below that of antacids containing only mag- 
nesium trisilicate. The fall in pH is rapid, but not 
as fast as with preparations containing only mag- 
nesium trisilicate. When aluminum hydroxide is 
the major ingredient the rise in pH is not as rapid, 
but a near peak is sustained much better. 

By comparison with groups 1 to 3 the resin ant- 
acid furnished a rapid rise in pH to almost neutral- 
ity, but its susts nining action was very weak, the pH 
falling to below 2.4 within ninety minutes. 

Dihydroxy aluminum aminoacetate quickly ele- 
vated the pH to above 4.25. It also showed re- 
markable sustaining power, keeping the pH level 
above 3.65 for the entire three-hour test period. 

In conclusion, it is worth noting that our prelim- 
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hydroxide plus magnesium trisilicate suspension. 


inary experiments searching for a suitable general 
procedure demonstrated that an operating temper- 
ature of 25° and a medium of 0.1 N HCl gave results 
practically identical to those obtained using 37° and 
the artificial gastric juice of Toplis (4). 


SUMMARY 


1. A-simple reproducible method was devised 
to compare the acid buffering capacities of 24 
widely advertised antacids in vitro. 

2. Aluminum hydroxide antacids are rather 
slow acting but their effect is prolonged. 

3. Magnesium trisilicate antacids are rapid 
acting but their sustaining action is weak. 

4. An antacid composed of a mixture of two 
parts of aluminum hydroxide and one part mag- 
nesium trisilicate seems to combine the best fea- 
tures of each. 

5. Resinous antacids give a rapid rise almost 
to neutrality, but have a very weak sustaining 
power. 

6. Dihydroxy aluminum aminoacetate gives 
both rapid action and prolonged effect. 

7. Fresh milk exerts a buffering effect over a 
three-hour period in vitro. 
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When Borntraeger’s reaction is applied to 
Alexandria senna leaves, under controlled 
conditions, the color intensity of the ammonia 
layer was found to vary directly with the con- 
centration of the extract or the quantity of 
— Spectrophotometrically, the extinction 
oe occurred at the wave length of 670 mu 

he extinction varied directly with the con- 
centration at this wave length. The method 
is rapid, accurate, and sensitive. It is appli- 
cable to all the emodin drugs. It should be 
used comparatively until a reference standard 
is established for every drug of the group. 


Ts investigation was planned with a view to 
developing a new chemical method for the 
assay of the emodin-containing drugs. 

The available methods of assay are quite un- 
satisfactory whether chemical, physical, or 
pharmacological. The pharmacopeeial require- 
ments at the present time include nonspecific 
limit tests, identity tests, and some limits for 
water-soluble or alcohol-soluble extractives. In 
other words, no specific method for the assay of 
these drugs on the basis of their active ingredients 
has thus far been found satisfactory. 

With these problems in mind, the idea occurred 
of trying to develop the common qualitative test 
called “Borntraeger’s reaction” into a quantita- 
tive reaction and thus devise a method of assay 
for these drugs that might work on a comparative 
basis. With this as a basis, possibly a reference 
standard could later be established for each of 
these drugs. 


EXPERIMENTAL 


As a preliminary step, Borntraeger’s reaction was 
carried out, using one sample of Alexandria senna. 
The extract obtained was completed to volume with 
ether so that each cc. of the ether extract represents 
8 mg. of senna. From this stock ether extract, four 
equal volumes of different concentrations were 
quantitatively prepared. These were separately 
shaken with an equal volume of ammonia T. S. 
Table I summarizes the details. The intensity of 
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A New Spectrophotometric Method of Assay for 
Alexandria Senna Leaves (Cassia Acutifolia-Delile)*t 
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the red colors, developed in the ammonia layers 
varied directly with the concentration of the ether 
extract used. These observations suggested further 
standardization and estimation of the color intensi- 
ties spectrophotometrically. 

Spectrophotometric Analysis.—The colors of the 
ammonia layers obtained were measured spectro- 
photometrically in accordance with the procedure 
described in a previous paper (1), except that stand- 
ard 1-cm. light-path cuvettes were used as sample 
holders instead of test tubes. When transmission 
measurements were made above 650 mp wave 
lengths, a red filter' was used in front of the entrance 
slit to remove the stray light from the second order 

m. 

A graph was made for every concentration plot- 
ting the extinction (£) values obtained against the 
wave lengths. Figure 1 shows the graphs as well as 
the correlation between the height of the extinction 
peak (at 670 mu) and concentration of ether extract 
of the drug. Figure 2 shows the direct linear rela- 
tionship that exists between the extinction values at 
670 mu wave length and the relative concentration. 
Table II summarizes the results obtained and shows 
that the error is negligible. The determination is 
very precise and sensitive in spite of all the factors 
involved that might influence the results, such as 
volatility of the ether and ammonia, consecutive 
extractions, experimental errors, and approximation 
in the conversion of transmission into extinction 
values. 

Consequently, the spectrophotometric analysis of 
the ammonia layers can be used as a basis for a 
method of assay for senna. 

Several series of experiments were carried out in 
order to study further the application of spectro- 
photometric measurements as a method of assay of 
anthraquinone-containing drugs, particularly Alex- 
andria senna. 

Various weights of one single sample of Alexandria 
senna were simultaneously used in a series of experi- 
ments. 

The following weights of one single sample of 
Alexandria senna were used in a series of experi- 
ments: 


Expt. No.: 


I (Control) If III IV Vv 
Senna weight: 10 


9.5 5& 4.5 2Gm. 


An ether extract was prepared in the same way as 
for the performance of the Borntraeger’s reaction. 
All the samples were treated as if they were equal in 
weight. Each ether extract was completed to vol- 
ume with ether so that 1 cc. of the ether extract (in 
the case of Experiment I or control) represents 10 


' The red filter used was compounded by the Corning 
Glass Co. The transmission characteristics of the red filter 
used in terms of % transmission measured against an air path 
are as follows: 
Wave length, my: 600 620 640 660 670 
% T: 0.4 7.8 73.5 86 


680 
86.5 87.0 
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ig. of the crude drug. Equal volumes of the vari- 
ous ether extracts were similarly shaken with equal 
volumes of Ammonia T.S. The colors developed in 
the ammonia layers varied directly in intensity with 
the concentrations of the ether extracts used or the 
quantity of the drug. 

The colors of the ammonia layers were measured 
spectrophotometrically. Table III shows the re- 
sults obtained. It can be seen from the table that 
the error is quite negligible in every case, except 
where only relative concentrations were as low as 


EXTINCTION 


tire 
400 450 500 550 600 650 
WAVE LENGTH My 


Fig. 1.—Spectrograph of Ammonia Layers of Various 
Concentrations. 


Ether 
Extract,* 
ce. 


25 100 
20 

10 

5 


Relative Concentrations 
Prepared, 


Found, 
40 
100 
(control) 
80.593 


* One cc. ether extract = 8 mg. senna. 


20% which probably would not exist without prom- 
inent adulteration that can be detected microscop- 
ically. Figure 3 shows the results graphically from 
which it can be concluded that the spectrophoto- 
metric measurements always showed the same rela- 
tionship irrespective of the time interval at which 
the readings were made. 

A second series of experiments was simultaneously 
carried out in order to test the sensitivity of the 
method. Table IV and Fig. 4 illustrate the results. 
It is again obvious that the method is very precise 
and sensitive at least to 1.5 mg. of the crude drug. 

A third series of experiments was planned to check 
(1) whether or not the results could be duplicated, 
(2) whether or not color intensities are stable, and 
(3) to determine at what stages, if any, in the pro- 
cedure, extracts could be left standing over night or 
longer for convenience of operation of the methods 
of assay. Six different weights of one sample of 
Alexandria senna leaves were used. The usual pro- 
cedure was modified by storing tightly covered sam- 
ples of the extract for varying periods to detect the 
effects of standing under refrigeration up to eighty 
hours. Table V shows results obtained when 
spectrophotometric measurements are read imme- 
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diately after the ammonia layers are separated from 
the ether layers. Figure 5 illustrates graphs plot- 
ting extinction values at 670 mu wave length against 
relative concentrations. Storage under refriger- 
ation as well as other various conditions of checking 
are explained below the graph. 

From the results obtained it was indicated that: 

1. The results obtained can be exactly dupli- 
cated. 

2. The measurements bear the same relationship 

of: 


MGM. OF SENNA EXTRACTED 
160 120 80 40 
T T T T 


8 


° 


° 
° 


° 
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EXTINCTION AT 670 Mu WAVE LENGTH 


100 80 60 

RELATIVE CONCENTRATION OF ETHER EXTRACT 
Fig. 2.—Spectrograph of Ammonia Layers of Various 
Concentrations. 


EXTINCTION AT 670 My WAVE LENGTH 


100 80 60 40 

RELATIVE CONCENTRATION 
Fig. 3.—Spectrographs of Ammonia Layers Using 
Different Quantities of the Same Senna Sample. 


EXTINCTION AT 670 Mu WAVE LENGTH 


l 
90 80 
RELATIVE CONCENTRATION 

Fig. 4.—Spectrophotometric Analysis of Ammonia 
Layers Using Different Quantities of the Same 
Senna Sample 
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ScIENTIFIC EDITION 


TABLE I1.—VARYING THE CONCENTRATION OF THE ETHER LAYER 


Experiment No.: 
I. Ether layer 
(a) Ether extract used, cc. (8 mg. senna/cc.) 
(6) Pure ether added, cc. 
Total volume of ether layers, cc. 


Relative concentration of ether layer, %* 
Ammonia layer 

Ammonia T. S. used, cc. 

Color intensity of ammonia layer* 


Relative intensity of colors* (approximately) 


I 
Control Il 


25 20 10 5 0.0 

00 _5 1 20 25 

25 25 25 25 25 
100 80 40 20 00 

10 10 10 10 10 
Very strong Strong Weak Very weak None 
100 80 40 20 00 


@ Compare. 


Tase II.—RELATIONSHIP BETWEEN EXTINCTION VALUES AT 670 Mu OF THE AMMONIA LAYERS AND THEIR 
RELATIVE CONCENTRATIONS OR QUANTITIES OF SENNA EXTRACTED 


Ether 


IV 5 20 


Extract Eat -————Relative Concentration, ——-——Weight Mg.——— 
Expt. No. Used, Cc. 670 mp Prepared Found Error Extract und Difference 
I Control 25 0.9405 100 100 0.000 200 200 0.000 
Il 20 0.75 80 80.593 0.741 160 161.086 1.086 
Ill 10 ‘ 40 40.008 0.020 80 80.016 0.016 


22.001 


10.005 40 44.002 4.002 


Tasie III.—ExtincTion VaLuges (at 670 Mu) OF THE AMMONIA LAYERS VARY DIRECTLY WITH THE 
WEIGHT OF SENNA EXTRACTED 


Weight of — % T* Read Immediately—— 
Expt Senna, Ebat -—-—Relative Concentration, 
No Gm. 670 mp Prepared Found 
I 10.0 1.022 100 = (std. ) 
II 9.5 1.000 95 75 
Ill 5.0 0.520 50 50.89 
IV 4.5 0.450 45 44.03 


% ‘Read After 24 Hours— 


E 


rror 670 mu Prepared Found rror 
0.00 0.903 100 100 (std.) 0.0 
2.81 0.854 95 94.5 0.53 
1.80 0.411 50 45.5 9.00 
2.15 0.398 45 44.5 1.11 
12.00 0.149 20 16.5 17.50 


xtinction. 


TABLE IV.—SPECTROPHOTOMETRIC ASSAY OF VARIOUS QUANTITIES OF SENNA 


Expt. Weight of % Te Eb at 
No. Senna, Gm. 670 ms 670 mye 
I 9.5 10.5 0.979 
II 9.0 11.8 0.929 
Ill 8.5 12.8 0.893 
IV 8.0 14.0 0.854 

; 7.0 16.0 7 


Relative Concentration, 


% 


Prepared Found Error 
95 95.000 Control 
90 90.147 0.181 
85 86.621 1.907 
80 82.838 


7 77.212 


T= 


% transmission. 
Extinction. 


TaBLe V.—EXTINCTION VALUES (AT 670 mu) OF 
THE AMMONIA LAYERS VARY DIRECTLY WITH THE 
WEIGHTS OF THE SENNA EXTRACTED 


= 


Weight — % T Read Immediately ——-—— 
of Relative Concentration, 
Senna E at Pre- 


9.5 
IV 8.0 80 81.133 1.416 
Vv 7.5 1.222 75 78.586 4.781 
VI 5.0 0.860 50 55.376 10.754 


(a) The time interval between readings. 

(b) Storage period under refrigeration. 

(c) Kind of extract, whether alcoholic potassium 
hydroxide, ether, or ammonia extract was stored. 

3. The assay procedure can be carried out at the 
convenience of the operator but all samples must be 
simultaneously and similarly treated. 


The Proposed Procedure for the New Spectro- 
photometric Methods of Assay of Senna.—Due to 
the fact that this method of assay is a comparative 
method rather than a reference standard method, 
the procedure of the assay must be constant and 
definite in order to obtain dependable results. 


PROCEDURE 


Dry test sample of #60 senna powder at 70° over 
night or at 110° for three hours. Weigh accurately 
10.0 Gm. of each sample of powder to be tested and 
place in an Erlenmeyer flask. Add 75 cc. of freshly 
prepared alcoholic potassium hydroxide (10% 
w./v.) to each 10-Gm. sample. Mix well with the 
powder and add glass beads to prevent bumping and 
then reflux for thirty minutes. Filter while warm 
with the aid of suction. Wash the flask and residue 
on the filter with about 15 cc. warm alcohol in two 
consecutive portions. Continue the suction for a 
few minutes to allow complete draining of filtrate 
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EXTINCTION AT 670 Mu WAVE LENGTH 


4 
80 


RELATIVE NTRATION 
Fig. 5.—Spectrophctometric Analysis of Ammonia 
Layers under Various Conditions. 
A, +—; B, X; C,O--; D,.; E,O-—--; F,O; 
G, vv ----; H, A. The following coincide at ®: +, X, 
CJ, and ,. 


Total 
Stand- 
ing 

Time, Extract 

» Hr Stored 
00.00 one 
24.00 Ammonia of (A) 
24 Ale. KOH ext. 

of (A) 


Conditions 
Read immediately 
Read after 24 hr. 
Extracted with 
ether after acid- 
ification. The 
ether extract was 
shaken with 
ammonia T. S. 

Ammonia of (C) Read after 24 hr. 
more 

Shaken with am- 
monia T. S. 

Read after 24 hr. 


Ether ext. of (A) 


Ammonia of (£) 


more 

Shaken with am- 
monia T. S. 

Read after 32 hr. 
more 


Ether of (C) 


Ammonia of (G) 


from the mare. Transfer the filtrate into a 100-cc. 
volumetric flask; wash the flask and funnel with a 
few cc. of alcohol and make up to volume with 
alcohol. (Each cc. of ale. KOH ext. = 100 mg. 
senna.) At this point, the extracts obtained can be 
left standing overnight in a refrigerator, on condition 
that all the samples are treated the same. Shake 
contents of the volumetric flask and then pipette 25 
cc. into a 250-cc. separatory funnel (25 cc. ale. KOH 
ext. is equivalent to 2.5 Gm. of the crude drug 
senna). Add 25 cc. distilled water to the alcoholic 


potassium hydroxide extract and 10 cc. (or more) of 
dilute hydrochloric acid, to make the pH of the 
mixture about 2. 

Extraction with Ether.—Shake with ether by 
usual procedure using 30-cc. and then five 20-cc. 
portions. Collect all the ether extracts and wash 
the total ether extract with a mixture of 5 cc. of 
dilute hydrochloric acid and 10 cc. of distilled water. 
Shake aqueous washings with 15 cc. of ether. Add 
to the total ether extract. Transfer all the ether 
extracts to a 200-cc. volumetric flask and make up 
to volume with ether. (Each cc. of ether extract = 
12.5 mg. crude drug.) At this stage, the experiment 
can be left standing over night in a refrigerator with 
all containers well closed. 

Shaking Out with Ammonia.— Measure 30 cc. of 
the ether extract into a separatory funnel. Add 10 
cc. of freshly prepared ammonia T. S. Shake 
gently, let stand, then shake vigorously and centri- 
fuge for about five minutes at 5000 r. p. m. or until 
the ammonia layer separates completely and sharply 
from the ether layer. At this stage, if the spectro- 
photometric measurements cannot be immediately 
made, the ammonia layer can be well stoppered and 
refrigerated overnight. Again it should be empha- 
sized that all the samples must be similarly treated. 
Prepare a blank by shaking 30 cc. of pure ether with 
10 cc. ammonia T.S. Take the separated ammonia 
layer and use it as the blank. 

Spectrophotometric Aralysis.— Determine the 
transmission measurements of the ammonia layer at 
670 my wave length. From the % transmission 
values obtained, determine their corresponding ex- 
tinction values from the special conversion tables. 
The extinction varies directly with the relative con- 
centration of the anthraquinone derivatives. From 
this direct quantitative linear relationship the un- 
known concentrations should be interpreted from 
the extinction values of their ammonia layers. 

Results can be interpreted either graphically by 
plotting the necessary graphs or mathematically, 
and confirmed by both means. 


DISCUSSION 


Explanation of the various steps followed in the 
procedure proposed: 

1. All of the samples to be assayed must be 
treated in an exactly similar manner and the pro- 
cedure carried out on all of them simultaneously in 
order to get comparative results. 

2. The drying of the powder is intended to level 
the moisture contents of the samples. It is not per- 
formed to get total dryness of the powders. 

3. The alcoholic potassium hydroxide (10%) 
must be freshly prepared. 

4. The alkali hydrolysis is preferred to the acid 
hydrolysis since the alkali keeps the anthraquinones 
in solution while the acid precipitates them. The 
alkaline extract can be left standing without danger 
of precipitation (1). 

5. Water is added to the alkaline extract 
immediately before the extraction with ether to 
favor the extraction process. 

6. The anthraquinone derivatives are thrown 
out of the solution as a light green precipitate by 
acidification. This precipitate is readily and com- 
pletely extracted by the ether. 
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7. Ether apparently is the best organic solvent 
to use, as shown by the investigation carried out in a 
previous paper (1). 

8. The washing of the ether extract with the 
acidulated water was found advantageous by re- 
moving the greenish tint from the ether extract but 
will not remove any of the anthraquinones. The 
subsequent shaking of the acidic aqueous washings 
with ether is a precaution to extract the traces of the 
ether extract that may go into solution in the aque- 
ous layer of washings. 

9. It is recommended to use a volume of the 
ether extract approximately three times the volume 
of ammonia layer required in order to prevent or de- 
crease formation of emulsions 

10. The quantities of the ammonia layer and of 
the ether extract may be adjusted to the convenience 
of the operator. 

11. Ammonia T. S. should be always freshly pre- 
pared to assure even strength in every assay. 

12. The ammonia layer should be separated 
from emulsions with an ether layer by centrifuge to 


SUMMARY 


A new spectrophotometric method of assay for 
Alexandria senna leaves has been devised. The 
method is rapid, accurate, and sensitive. The 
method has been applied to six different lots of 
U. S. P. Alexandria senna leaves and they 
showed varying quantities of anthraquinone 
derivatives. 

It is quite possible that the method could be 
applied to all the other emodin drugs. Until 
Reference Standards are established for each of 
these drugs, the method can be applied com- 
paratively. 
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Dichloro Aluminum Aminoacetate, a New Anti- 
Perspirant and Deodorant” 


By I. W. GROTE, J. M. HOLBERT, and PEGGY WALKER CROSS 


Although aluminum chloride is undoubtedly the best underarm deodorant and 
antiperspirant, it suffers from the disadvantage that it readily hydrolyzes to yield 
free hydrochloric acid which will cause tenderization of fabrics and skin irritation. 
The addition of buffering agents, such as urea, helps control free acidity but these 
buffers may be more readily removed from the skin by moisture than the aluminum 
salt. We have prepared the readily soluble salt dichloro aluminum aminoacetate 
which possesses an internal buffer in the NH, group. 


It shows some promise as an 
effective deodorant. 


"Tere are three requirements for an effective 
underarm deodorant. First, the compound 
used must be an astringent, which will serve to 
block, partially or completely, the secreting gland 
and thus inhibit the formation of perspiration. 
Second, the compound must be antiseptic in 
nature and thus prevent putrefaction of perspira- 
tion with the formation of disagreeable odors, 
and third, the compound must be nonirritating 
under normal conditions of use (1-3). Astrin- 
gency is promoted by a lowering of pH; however 
at a pH much below 3.0 there is apt to be tender- 
izing of the clothing and irritation of the skin. 
The most satisfactory and widely used astrin- 
gents are aluminum sulfate and aluminum chlo- 
ride, both being markedly astringent, reasonably 
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harmless to the skin in effective concentration, 
and adaptable to a wide variety of preparations. 
A serious drawback, however, is their acidity, 
which increases with hydrolysis. 

Many buffers and inhibitors, such as urea, 
oxides, and related compounds, have been tried 
to prevent rotting of fabrics which takes place 
when the acid salts of aluminum are used. Al- 
though these inhibitors are effective, in many 
cases the astringent chemical is_ selectively 
absorbed and retained in the clothing in an 
unbuffered form. Thus the use of a hot iron 
releases free acid from the fabric and quickly 
deteriorates the fibers. 

If the buffer could be made an inherent part of 
the astringent molecule, however, this separation 
of inhibitor and astringent could not take place 
and any acid formed during hydrolysis would be 
neutralized by the buffer present in the compound 
itself. 


EXPERIMENTAL 


In an attempt to prepare dihydroxy aluminum 
aminoacetate by a new method, aluminum chloride 
and sodium glycinate were mixed in concentrated 
aqueous solution. 

On warming the solution slightly, the entire mix- 
ture solidified to a jelly-like consistency, having no 
resemblance to the compound sought. 

The possibility appeared that this jelly-like sub- 
stance might have unique properties as a deodorant, 
by virtue of its relation to aluminum chloride. 
Upon investigation, the jelly was found to have a 
pH of somewhat above 3.0, would not rot cloth, and 
was nonirritant when applied to sensitive areas of the 
body. This jelly-like material, which undergoes 
syneresis upon prolonged standing, was therefore 
further investigated. 

The solution upon concentration deposited sodium 
chloride. Further investigation showed the reaction 
is as follows: AICI, + NH,CH,COONa — NH;CH,- 
COOAICI, + NaCl. 

The removal of the salt formed proved most 
difficult but was partially accomplished as follows: 
100 ce. of a solution of sodium glycinate and alu- 
minum chloride, in correct molecular proportions, 
was placed in a collodian bag and dialyzed against 
running water until the dialysate was free from 
chloride ion. The contents of the bag were dried 
under vacuum at a temperature below 50°. The 
dried material when redissolved in water liad a pH 
of 3.5, and was soluble approximately 1 Gm. in 1 cc. 
of distilled water. The dried material is relatively 
nonhygroscopic, but analysis of the dried material 
gave the following results: 


Calculated for 


Found, % 6H20, % 
Chlorine 30.95 25.36 
Nitrogen 4.80 5.00 


The sample thus appeared to have some sodium 
chloride still present. A further attempt to remove 
salt by selective precipitation with successive addi- 
tions of ethanol gave a product with the same proper- 
ties but again containing salt. A second method of 
preparation was therefore tried. 

The preparation of dichloro aluminum amino- 
acetate by the reaction of dihydroxy aminoacetate 
and concentrated hydrochloric acid.—Seventy-six 
and four-tenths grams of dihydroxy aluminum 
aminoacetate containing 11.6°% moisture was slowly 
added to 83 cc. of concentrated hydrochloric acid. 
The reaction was quite exothermic and external 
cooling was necessary. On standing overnight the 
material formed a thick gel which was evaporated at 
low temperature under vacuum. Analysis of the 
dried material gave the following results: 


ated for 
Found, % 6H20, 
Chlorine 28.32 25. 36 
Nitrogen 5.25 5.00 
Aluminum 10.04 9.64 


Inspection of these results, as well as those pre- 
viously obtained, suggested that the compound 
might be dichloro aluminum aminoacetate hexa- 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


hydrate. Calculation shows the results for chlorine, 
nitrogen, and aluminum correspond to a ratio of 
2.12, 1.01, and 1.00, a reasonably close agreement 
with the theoretical value of 2:1: 1. 

Taking advantage of the fact that aluminum 
chloride is quite soluble in absolute alcohol, the 
following experiments were carried out to demon- 
trate that the reaction product was actually a com- 
pound and not a mixture of aluminum chloride 
buffered with sodium glycinate. 

Forty grams of anhydrous aluminum chloride and 
49.65 Gm. of glycine were dissolved in a small 
amount of water; the pH of the resulting solution 
was 1.5. Since it proved impossible to evaporate 
this solution to a solid, a weighed sample of the re- 
sulting thick syrup was placed in a Soxhlet thimble 
and extracted for three hours with absolute alcohol. 
During this period a total of 45.5% of the aluminum 
chloride had been extracted. 

A sample of the reaction product from sodium 
glycinate and aluminum chloride, prepared as pre- 
viously described, when subjected to the same ex- 
traction with absolute alcohol lost 1.7% of the 
sample weight. To demonstrate further that alu- 
minum chloride, if present as such in the product, 
would have been extracted by this procedure, a mix- 
ture of equal weights of aluminum chloride and the 
reaction product above was similarly extracted with 
absolute alcohol. A total of 86° of the aluminum 
chloride added was extracted by the ethanol. Thus 
on the basis of analysis, physical behavior, and the 
probable result of the reaction, the structure NH:- 
CH,COOAICI, - 6H,0, is suggested for the compound. 

Dichloro aluminum aminoacetate has been suc- 
cessfully compounded with various cosmetic bases 
and has proved to be an effective underarm anti- 
perspirant and deodorant. Such preparations have 
been used by approximately twenty people over a 
period of three years. There has been no evidence 
so far that such preparations tend to damage fabric 
or cause local skin irritation except in the case of one 
individual who appears to be sensitive to all alu- 
minum-containing compounds. This preliminary 
study shows the compound worthy of more detailed 
investigation with regard to skin irritation, effective- 
ness, and possible damage to fabric. 


SUMMARY 


The reaction between aluminum chloride and 
sodium glycinate has been investigated and evi- 
dence is presented indicating the principal re- 
action product to be a hydrate of dichloro alumi- 
num aminoacetate, NHsCH,COOAICh. This 
compound when compounded with various cos- 
metic bases, has proved to be an effective under- 
arm antiperspirant and deodorant worthy of 
further study. 
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Acute toxicity studies were made with mice on 
tetrahydroxydialuminum di- 
(compound II) and tetrahydroxy- 

ialuminum = glutamate (compound IIT). 
They showed no toxic effects in doses up to 
50 Gm. per kilogram of body weight. Studies 
of tetrahydroxydialuminum magnesium di- 
glutamate and tetrahydroxydialuminum glu- 
tamate are now in progress in a large clinic. 
Preliminary reports of the first three months’ 
experience indicate that the antacid proper- 
ties of the two compounds in cases of gastric 
hyperacidity are in agreement with the ex- 
pectations from the results of acid-neutraliz- 

ing tests here reported. 


Or FARLIER reports (1, 2) were concerned 
with the antacid properties of dihydroxy- 
aluminum aminoacetate (3). The excellence of 
that substance as an antacid prompted the ex- 
tension of the work to include the basic aluminum 
salts of other amino acids. We therefore sought 
to prepare and evaluate as antacids the following 
salts of the dibasic amino acid, glutamic acid: 
dihydroxyaluminum sodium glutamate (I), tetra- 
hydroxydialuminum magnesium diglutamate (II) 
and tetrahydroxydialuminum glutamate (III). 
In this series one carboxyl group of the glutamic 
acid is subject to salt formation with the dihy- 
droxyaluminum group, the other with sodium, 
magnesium, and the dihydroxyaluminum group, 
respectively. 

The first two of these substances were made by 
reaction of aluminum isopropylate with aqueous 
solutions of sodium acid glutamate in one case 
and magnesium acid glutamate in the other. The 
third was made by reaction of two moles of alu- 
minum isopropylate with one of glutamic acid. 
The products were obtained as white solids which 
were insoluble in water. They were not entirely 
pure, analyses indicating the presence of 10-15 
per cent of hydrous aluminum oxide. That salt 
formation occurred as anticipated is evidenced by 
the fact that sodium and magnesium glutamates 
did not appear to be leached from the sodium and 
magnesium compounds by cold water and that 
all three products precipitated as granular, easily 
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A Study of Antacid Buffers. 
Properties of Some New Aluminum Glutamates* 


By J. W. LEMAISTRE, J. M. HOLBERT, and I. W. GROTE 


595 


Ill. The Antacid 


filtered materials quite unlike aluminum hy- 
droxide. 

Since the acid-neutralizing properties of the 
three products were found reproducible from 
bateh te batch, they were evaluated as antacids 
without further purification. The rapidity of 
neutralization of artificial gastric juice was de- 
termined by the method of Holbert, Noble, and 
Grote (1) with results which are shown in Table I 


and Fig. 1. The data show that the rapidity of 
Rapid 
4“, 
pH m 
2- 
1 
° 1° 30 
Time - Min. 


Fig. 1.—Rapidity of neutralization of acid by 
antacid buffers. 

Curve I, dihydroxyaluminum sodium glutamate; 
curve II, tetrahydroxydialuminum magnesium di- 
glutamate; curve III, tetrahydroxydialuminum 
glutamate. 


neutralization decreases in this order: sodium- 
aluminum salt, magnesium-aluminum salt, dialu- 
minum salt. The rate at which I and II neutral- 
ize acid in this test (in which the acid is present 
in excess for the whole period) is very large, ex- 
ceeding that previously reported for dihydroxy- 
aluminum aminoacetate (1). The rate of neu- 
tralization by III is somewhat less than that of 
dihydroxyaluminum aminoacetate. All three of 
of the new products appear to be in an acceptable 
range for antacids. 

The prolonged buffering action of these com- 
pounds was studied by the method of Johnson 
and Duncan (4) as modified by Holbert, Noble, 
and Grote (2). In this method the antacid is ini- 
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TABLE 1.—RAPIDITY OF NEUTRALIZATION OF 
Acipity By ANTACID MATERIALS* 


= 


bered I, II, III as in the text 


tially present in excess over the acid and as the 
test proceeds, the amount of antacid is system- 
atically decreased and the amount of acid in- 
creased. The results appear in Table II and Fig. 
2. All three compounds exhibited significant 


Il.—PROLONGED BUFFERING ACTION OF 
ANTACID MATERIALS* 


TABLE 


| 


~ 
to | 

| 

== 

| 


1. 
4 3 
4 4 
4 4. 
4 4. 
4 4 
4 4 
4 4 
3 3. 
3 3 
3 


wt 


®@ The compounds are numbered 1, II, IIT as in the text 


buffer action. The compounds I and II raised 
the pH of the test system rapidly to 4.24.4 after 
which the pH slowly receded as further acid was 
added. In both cases the pH remained above 3.2 
for over two hours. Compound III raised the pH 


5: Proconeto 


Mire 
Fig. 2.—Prolonged buffer action of antacid buffers. 
Curve I, dihydroxyaluminum sodium glutamate; 
curve II, tetrahydroxydialuminum magnesium di- 
glutamate; curve III, tetrahydroxydialuminum 
glutamate. 
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to a maximum value of 3.8 and maintained the 
pH above 3.2 for over two hours. The data for 
the latter material closely resemble those pre- 
viously reported for dihydroxyaluminum amino- 
acetate (2). With respect to prolonged buffering 
action all three of the new products appear to be 
satisfactory for use as antacids. 


EXPERIMENTAL 


Dihydroxyaluminum Sodium Glutamate (1).— 
Monosodium glutamate (16.9 Gm., 0.1 mole) was 
dissolved in 100 ml. of water and stirred vigorously 
while adding 20.4 Gm. (0.1 mole) of aluminum iso- 
propylate. Heat was evolved and precipitation was 
rapid. The mixture was filtered after cooling, and 
the solid dried at 100°. The product was a white 
solid which was insoluble in water, 18 Gm. Analysis 
indicated considerable coprecipitation of alumina. 

Anal.—Caled. for CsHyO,NAINa: N, 6.1%; 
Al, 11.7%. Found: N, 4.1%; Al, 15.9%. 


Tetrahydroxydialuminum Magnesium Digluta- 
mate (II).—-Glutamic acid (29.4 Gm., 0.2 mole) and 
4.0 Gm. (0.1 mole) of magnesium oxide were added 
to 100 ml. of water and warmed to 50°. When the 
solution became clear it was stirred vigorously while 
adding 40.8 Gm. (0.2 mole) of aluminum isopropy- 
late. Heat was evolved and precipitation began at 
once. After cooling the solid was filtered off and 
dried at 100°. The product was a white, granular 
solid which was insoluble in water, 41 Gm. 

Anal. Caled. for CwHwOwN2:AbMg: N, 64%; 
Al, 12.4%. Found: N, 4.4%; Al, 13.1%. 


Tetrahydroxydialuminum Glutamate (III).—Glu- 
tamic acid (14.7 Gm., 0.1 mole) was dissolved in 150 
ml. of boiling water. This solution and 40.8 Gm 
(0.2 mole) of aluminum isopropylate were separately 
and simultaneously poured into 100 ml. of well- 
stirred isopropyl alcohol. Precipitation was im- 
mediate. After the mixture cooled, the product 
was filtered off and dried at 100°. It was a white, 
granular solid which was insoluble in water, 26 Gm. 

Anal.—Caled. for CsH,O;sNAk; N, 5.2%; Al, 
20.2%. Found: N, 4.7%; Al, 19.7%. 


Rapidity of Neutralization of Artificial Gastric 
Juice.—The procedure has been described in detail 
previously (1). One gram of the powdered material 
under test was added to 150 ml. of artificial gastric 
juice (5) and well stirred at 37.5° in a thermostat. 
The pH was measured at intervals by means of a 
Beckman pH meter. The results appear in Table I 
and Fig. 1. 


Prolonged Buffering Action.—-The procedure has 
been described in detail previously (2). Two grams 
of the powdered material under test were added to 
150 ml. of artificial gastric juice (5) and well stirred 
at 37.5° in a thermostat. At the end of ten minutes 
and after every ten-minute period thereafter, 20 ml. 
of the test mixture was removed and replaced by 20 
ml. of fresh artificial gastric juice. The pH was 
determined at intervals by means of a Beckman pH 
meter. The results appear in Table II and Fig. 2. 


Time, 
Min. 
0 
1 
5 
10 
15 
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0 1.59 
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20 07 3.81 
+ 40 05 3.76 
60 3.68 
80 79 3.60 
7 100 68 3.47 
120 57 3.30 
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ScrENTIFIC EDITION 


SUMMARY 


1. Three new basic aluminum glutamates 
were prepared cid evaluated as antacids. They 
are dihydroxyaluminum sodium glutamate, tetra- 
hydroxydialuminum magnesium diglutamate, and 
tetrahydroxydialuminum glutamate. 

2. All three materials showed rapid neutrali- 
zation of the acidity of artificial gastric juice as 
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well as prolonged buffering action. They appear 
suitable for use as antacid buffers. 
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Studies in the Hydrophylic Properties of Possible 


Ointment Base Constituents. 


V. The 


Isomeric Eicosanols* 


By ALFRED HALPERN} and JOHN G. ADAMS{ 


A series of isomeric eicosanols were synthe- 
sized. The water numbers of these com- 
unds were determined as well as their ef- 
on the surface and interfacial tensions of 

a mineral oil-water system. The 1-, 2-, and 
4-eicosanols exhibit some desirable proper- 
ties that merit further investigation as to 
their use in ointment bases. The 6-, 8-, and 
10-eicosanols showed little, if any, emulsify- 

ing properties. 


it was shown (1) that n-eicosanol-1 

caused the greatest potentiation of the 
water number of petrolatum, of the series of fatty 
alcohols studied. A search of the literature re- 
vealed that the secondary higher fatty alcohols 
had received little attention. In fact, many of 
the isomers of the common ointment base in- 
gredients (i.e., lauryl, myristyl, cetyl, and stearyl 
alcohols) are unknown. It was deemed of inter- 
est, therefore, to prepare an isomeric series of the 
higher secondary alcohols and to evaluate them 
as possible ointment base ingredients. 


EXPERIMENTAL 


In view of the desirable properties of n-eicosanol- 
1, a series of isomeric secondary eicosanols were 
chosen for study. The only n-eicosanols reported in 
the literature are the n-eicosanol-1, (2-5), which has 
received some attention, and n-eicosanol-2, (6). 
The secondary alcohols used in this study were pre- 
pared, in fairly good yields, through the actiorf of 


* Received May 23, 1949, from the School of Pharmacy, 
Duquesne University, Pittsburgh, Pa. 
Associate Professor, School Pharmacy, 
University, Pittsburgh 19, Pa. 
t Instructor, Sc’ of Pharmacy, Duquesne University, 
Pittsburgh 19, Pa. 


Duquesne 


the appropriate Grignard reagent on an aldehyde. 
The compounds were purified through repeated 
crystallization from ethanol-benzene mixtures. 


Preparation of the Isomeric Eicosanols.—To a 
three-necked flask fitted with a reflux condenser, 
stirrer, and inlet tube containing 0.1 mole of the 
appropriate alkyl magnesium bromide in ether solu- 
tion, was added a 0.15 mole solution of the aldehyde 
in dry ether. When all the aldehyde had been added, 
the mixture was refluxed for two hours and decom- 
posed with acid-ice water. The ether layer was 
separated, washed twice with a 5% hydrochloric 
acid solution and once with a 10% sodium bicarbo- 
nate solution, and dried over anhydrous sodium 
sulfate. The ether was distilled under reduced 
pressure and the solid residue crystallized from 
alcohol-benzene mixture. The physical properties 
of the starting materials, the resultant Products, and 
yields are presented in Table I. 

n-Eicosanol-1 was prepared in a similar manner 
from stearyl magnesium bromide and ethylene ox- 
ide (1). The product was worked up in the manner 
described above (Table I). 

The water numbers of the experimental com- 
pounds were determined in the manner described by 
Halpern and Zopf (7) and are reported in Table II. 

Since most of these compounds were prepared for 
the first time, the effects of the experimental com- 
pounds on the surface and interfacial tension of sys- 
tems comparable to those encountered in ointments 
were studied. The tensiometric measurements were 
determined with the Cenco Du Nouy interface ten- 
siometer, using a ring with a ratio of R/r of 53. The 
usual corrections for the ring method were applied 
to the observed data (8). Gel formation was noted 
with the oil solutions of the eicosanols at room tem- 
perature, and the interfacial tensions were deter- 
mined at 60°, at which temperature complete solu- 
tion was affected. The data presented in Table ITI 
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Fig. 1.—The surface tension of a saturated aqueous 
solution of the isomeric eicosanols at 25°. 
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Fig. 2.—Effect of isomeric eicosanols on the inter- 
facial tension at 60° 


TABLE I.—THE PREPARATION OF THE ISOMERIC SECONDARY EICOSANOLS 


Alkyl! Bromide* 
Stearyl bromide 
Stearyl bromide 
Cetyl bromide 
Myristyl bromide 
Lauryl bromide 
Decyl iodide 


B. P 
214-218/15 mm. 
214-218/15 mm. 
194-196/16 mm. 
170-172/25 mm. 
175-180/45 mm. 
132-133/15 mm. 


Aldehyde 


Acetaldehyde 
Butyraldehyde 
Hexylaldehyde* 
Octylaldehyde* 
Decylaldehyde* 


Yield, Gm. 
Found Theory % 
29.6 61 
40 
45 
33 
57 
60 


n-Eicosanol 
n-Eicosanol-1 
n-Eicosanol-2 
n-Eicosanol-4 
n-Eicosanol-6 
n-Eicosanol-8 
n-Eicosanol-10 


® Prepared in our laboratory according to the procedure described in Organic Synthesis, Vol. s.. p. 29(1941). 


6 Ethylene oxide was used to prepare n-Eicosanol 1 


© These aldehydes were supplied to us by Fritzche Bros., Inc., New York, N. Y., through the courtesy of Fred C. Hilbert 


and T. J. Coyle. 


Taste II.—WatTeR NUMBERS OF THE 
EICOSANOLS IN PETROLATUM® 


ISOMERIC 


Concentration, 
3 4 5 


3 43.1 51.2 54.3 
.3 40.1 44.2; 
24.3 32.4 36.6 36. 
1 
2 
0 


Eicosanol 


5.2 17.1 18.6 18. 
0 16.8 17.6 17. 


10 0 13.8 15.0 16.8 17.4 17. 


® The water number of the petrolatum used was 10.2. 


and Figs. 1 and 2 are the means of eight observa- 
tions. The relative effects of the experimental com- 
pounds were calculated from the equation (9) 
where riro is the interfacial tension of the original 


Air = 


system, rzr equals interfacial tension of the system 
containing the experimental compound at concen- 
tration C, Kir and nm being constants. By convert- 
ing the above equation to its logarithmic form and 


TABLE III.—Tue INTERFACIAL TENSION OF THE EICOSANOL-MINERAL O1L-WATER SYSTEM® 


Dynes/Cm. 
Concentration, 


t t 
Canwonweo 


8 
10 


Air 
% 
3 5 


1 
0.87 
0.74 
0.65 
0.33 
0.38 
0.14 


* The temperature of the system was 60°. 
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55. 8 
6 
ae 7 44 
/ 
Lo 
M. P 
67-69 
4 58-59 
43-44 
- 54-56 
52-54 
65.5 
| 
1 30 3 30.0 
2 1 36.0 — 
- 4 20 2 25.1 
7 6 14 0 14.0 
417.0 
16.8 
n-Eicosanol 1 7.5 10 75. «10 
1 8.3 4.2 0 0.94 
2 12.8 8.3 0 0.82 
4 18.6 11.2 2.9 anne 0 0.79 0.91 ninth 
6 24.0 21.7 17.3 0 0.37 0.46 
| 25.3 23.1 ada 19.2 0 0.39 0.40 
29.5 27.6 25.6 0. 0.16 0.20 


plotting the log A;r vs. log concentration an approxi- 
mately rectilineal curve is obtained. 


log Arr = log Kir + 1/n log C 


The effect of the 2-, the 4-, and the 6-eicosanol on 
the antiseptic activity of various agents as evi- 
denced by the agar-plate method was determined in 
the usual manner (10). No appreciable difference 
was noted with these compounds as compared with 
the previously reported activity of the fatty alcohols 
(10). 


DISCUSSION 


The secondary n-eicosanols were not as efficient 
emulsifying agents when compared with the primary 
alcohol. The 2- and 4-eicosanols have some desirable 
properties that merit further investigation; the 6-, 
8-, and 10-alcohols showed very little activity. It is 
of interest to note that the greater the steric hin- 
drance to the hydrophylic group the less the emulsify- 
ing efficiency. The gel formation of the alcohol-oil 
solutions, at room temperature indicates the possi- 
bility that these agents act in a manner described by 
Pink (11) for the mechanism of emulsification by a 
solid mutually insoluble in both phases. It is ob- 


vious from the complexities of the emulsification 
process that more than one factor contributes to its 
formation. 


ScrenTiFiIc EpIrIon 


Certain Substituted Thiobisacetimides and 
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SUMMARY 


1. A series of isomeric eicosanols were syn- 
thesized and investigated for possible use in oint- 
ment bases. 

2. The water numbers of these compounds 
were determined as well as their effect on the sur- 
face and interfacial tensions of a mineral oil- 
water system. 

3. The 1-, 2-, and 4-eicosanols exhibit some 
desirable properties that merit further investiga- 
tion as to their use in ointment bases. The 6-, 8-, 
and 10-eicosanols showed little, if any, emulsify- 
ing properties. 
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Corresponding Sulfones* 


By PAUL R. RASANENTf, ft and GLENN L. JENKINS 


Hypnotics and anticonvulsants such as barbiturates, hydantoinates, monoureides, and 


oxazolidiones all contain the functional group RR’C—CONH—, where R repre- 
sents an alkyl or aryl group. The purpose of this work was to attempt to prepare a 
heterocyclic compound containing sulfur as well as the functional group so charac- 


teristic of hypnotics and anticonvulsants. 


Thiobisacetimide |S(CH,CO),NH] was 


prepared as the parent heterocycle and the syntheses of the following alkyl and aryl 


substituted derivatives and intermediates are described: 
imide, (6) N-benzoylthiobisacetimide, (c) sulfonylbisacetimide, ( 


) N-phenylsulfon- 


ylbisacetimide, (e) a,a’-thiobispropionimide, (/) a,a’-thiobis-n-butyrimide, (g) N- 
henyl-a,a’-thiobis-n-butyrimide, (4) a,a’-thiobisisobutyrimide, (7) a,a '-sulfonylbis- 
isobutyrimide, N-methyl-a,a’-sulfonylbisisobutyrimide, and (4) N-methyl-a,a’- 


thiobisisobutyrimide. 


CLOSE study of the organic medicinal prod- 
ucts which possess sedative and hypnotic 
activity reveals a striking similarity in their 
structure. The barbiturates, hydantoinates, 
monoureides, and amides all contain the func- 
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A total of seventeen compounds is reported. 


tional group RR’C—-CONH—. Even the di- 
sulfones of substituted methane, such as tetronal, 
possess the dialkyl-substituted methylene group, 
but in this case the carbonyl group has been re- 
placed by a sulfonyl group. The purpose of this 
work was to attempt to prepare some hetero- 
cyclic compounds containing sulfur as well as the 
group so characteristic of hypnotics and anticon- 
vulsants. 
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This investigation consists of attempts to pre- 
pare various alkyl-substituted thiobisacetimides 
(I) and corresponding sulfones. 


R,C—CO 


R:;C—COOH 
4 
R,C—COOH 
(1) (11) 
This heterocycle is characterized not only by the 
functional group so characteristic of hypnotics, 
but also by a sulfur atom and an additional 


R,C—CO— group. The parent heterocycle 
(thiobisacetimide) was first prepared by Schulze 
(1) in 1866, but no other data on this series of 
compounds have been reported in the literature. 

The cyclic imides of the various thio com- 
pounds were prepared by heating the diammon- 
ium salt of the corresponding dicarboxylic acid 
(II). This procedure could not be used in the 
case of the corresponding sulfonyl compounds, 
because heat caused the dicarboxylic acid to lose 
two molecules of carbon dioxide. In this case the 
corresponding anhydrides were prepared which 
were converted to the anilic or amic acids and 
attempts were made to cyclize these with very 
little success. Attempts to prepare the cyclic 
sulfonyl compounds from the corresponding thio 
compounds by oxidation with hydrogen peroxide 
at room temperature were not too successful. 
a,a’-Sulfonylbisisobutyrimide was prepared in 
good yields by this procedure in a few instances, 
but generally a compound of unknown structure 
resulted. This, however, could be readily con- 
verted to the cyclic imide by neutralizing with 
sodium hydroxide using phenolphthalein as an 
indicator and subsequent acidification with 
hydrochloric acid. Attempts to prepare a,a’- 
sulfonylbispropionimide and a,a’-sulfonylbis-n- 
butyrimide were unsuccessful. Treating thio- 
bisacetimide with hydrogen peroxide resulted in a 
small amount of product, the analysis of which 
compares favorably with the corresponding 
sulfone. However, in this case also, decomposi- 
tion was in evidence. 

The N-methyl derivative of a,a’-sulfonylbis- 
isobutyrimide was obtained in crystalline form by 
treating the cyclic imide with dimethylsulfate in 
the presence of sodium hydroxide. Similar 
treatment of a,a’-thiobisisobutyrimide resulted in 
a liquid derivative with a characteristic campho- 
raceous odor. 

The thiobiscarboxylic acids were prepared by 
treating the sodium salts of the a-halogenated 
acids with sodium sulfide and the corresponding 
sulfonyl compounds were prepared by oxidation 
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with potassium permanganate. For the prep- 
aration of a,a’-thiobisisobutyric acid a special 
procedure was necessary since a-bromoisobutyric 
acid has a tertiary bromine atom which is very 
unstable. In this case ethyl a-bromoisobutyrate 
was refluxed under anhydrous conditions with 
anhydrous sodium sulfide prepared by passing 
hydrogen sulfide through an alcoholic solution of 
sodium ethoxide. A similar procedure failed to 
produce a,a’-thiobis(diethylacetic) acid. 

Cis-trans isomerism is possible with a,a’-thio- 
bisbutyrimide and a,a’-thiobispropionimide be- 
cause of the two asymmetric carbon atoms in 
each molecule. No exhaustive attempts were 
made to isolate or identify the various isomers but 
in two instances two compounds with different 
melting points, but of apparently the same com- 
position, were obtained. 


EXPERIMENTAL 


1. Preparation of the Thiobiscarboxylic Acids. — 
For the preparation of thiobisacetic acid a pro- 
cedure used by Loven (4) gave the best results, while 
the other thiobiscarboxylic acids were best prepared 
by a method proposed by Loven (2) and Ahlberg (3). 

2. Preparation of the Diammonium Thiobdis- 
carboxylates.—This procedure was generally used 
for the preparation of all the diammonium salts of 
the corresponding thiobiscarboxylic acids. The 
acid was dissolved in absolute ethyl alcohol and this 
alcoholic solution was saturated with ammonia gas. 
The mixture, which already had a crystalline pre- 
cipitate, was cooled in an ice-salt bath and filtered. 
Concentration of the alcoholic filtrate and subse- 
quent cooling gave increased yields of the diammon- 
ium salt. The yields approximated 80-90% of the 
theoretical. 

3. Preparation of Thiobisacetimide.—This pro- 
cedure was essentially that used by Schulze (1) and 
was used throughout for the preparation of the cyclic 
imides with modifications as needed in temperature 
and crystallizing solvents. 

Diammonium thiobisacetate was heated in a suit- 
able flask in an oil bath between 200-220° for about 
one hour. The resulting oil was recrystallized 
several times from hot water. The long, needle 
crystals melted at 128-129° (reported 129°). The 
yield was 50% of the theoretical. 

4. Synthesis of N-Phenylthiobisacetimide: 
Preparation of Thiobisacetic Anhydride—Thiobis- 
acetic acid was treated with an excess acetyl chloride 
at reflux temperature according to the method of 
Anschutz and Biernaux (5). The yield was 30% 
of the theoretical; m. p. 100° (reported 102°). 

Thiobisacetanilic Acid.—The anhydride obtained 
above was treated with aniline according to the 
method used by Anschutz and Biernaux (5). The 
yield was 83% of the theoretical; m. p. 100° (re- 
ported 102°). 

N-Phenylthiobisacetimide—Refluxing 14 Gm. of 
thiobisacetanilic acid with an excess acetyl chloride 
for three hours resulted, after cooling in an ice bath, 
in a crystalline product which was recrystallized 
three times from glacial acetic acid. The yield was 8 
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Gm. (62%); m. p. 211-212° (dec.) (corrected). 

Anal.—Caled. for CyHyO,.NS: N, 6.76; 
15.46. Found: N, 6.69; S, 15.94. 

5. Preparation of N-Benzoylthiobisacetimide.— 
Two and one-half grams of thiobisacetimide was 
dissolved in 4.5 cc. of pyridine and the mixture grad- 
ually treated with 3 Gm. of benzoy] chloride, accord- 
ing to the method used by Titherley for the prepara- 
tion of N-benzoylsuccinimide (6). After twelve 
hours a product separated which was recrystallized 
from alcohol. The yield was 1.6 Gm. (34%); 
m. p. 153° (corrected). 

Anal.—Caled. for CyHyO;NS: N, 5.96; S, 
13.62. Found: N, 5.86; S, 14.14. 

6. Synthesis of N-Phenylsulfonylbisacetimide: 
Preparation of Sulfonylbisacetic Acid.—This acid 
was prepared by the method offered by Alden and 
Houston (7) except that the final product was iso- 
lated by extraction with ethyl acetate rather than 
by crystallization from the original acidified solu- 
tion. Yields approximated 60% of the theoretical; 
m. p. 184-186° (corrected) [reported 182° (2) and 
184° (7)}. 

Sulfonylbisacetanilic Acid.—Attempts to isolate 
sulfonylbisacetic anhydride after treatment of the 
acid with acetyl chloride, acetic anhydride, or phos- 
phorus oxychloride under various conditions were 
not successful. However, preliminary work using 
only enough phosphorus oxychloride to form the 
half-chloride indicated that an anhydride might have 
been formed temporarily. The following procedure 
was devised to eliminate the necessity of isolating 
the anhydride. 

Ten grams of sulfonylbisacetic acid and 2.5 cc. of 
phosphorus oxychloride were refluxed with 50 cc. of 
nitrobenzene in a round-bottom flask in an oil bath 
between 185-195° for one and one-half hours. 
After cooling the reaction mixture to 100°, 16 cc. of 
aniline was added resulting in the separation of a 
yellow crystalline mass. The filtered mass was 
treated with 200 cc. of hot water, filtered, and the 
filtrate treated with charcoal and refiltered. The 
filtrate after cooling yielded white plate-like crys- 
tals. Recrystallization of these from water resulted 
in a product melting slowly at 149° (dec.); yield 6.5 
Gm. (34%). It had a neutral equivalent of 341 as 
compared to a calculated value of 350. 

To 5 Gm. of the aniline salt was added 0.5 cc. of 
concentrated sulfuric acid in 30 cc. of water and the 
mixture heated until a clear solution resulted. The 
product was recrystallized once from alcohol result- 
ing in fine needle-like crystals; m. p. 175-176° (dec.) 
(corrected); yield, 3.2 Gm. (87%). 

Anal.—N. E. Caled. for CyHywO;NS: 257. 
Found, 254. Caled.: N, 5.45; S, 11.39. Found: 
N, 5.35; S, 11.85. 

N-Phenylsulfonylbisacetimide—Three grams of 
sulfonylbisacetanilic acid was treated in 50 cc. of 1- 
nitropropane under anhydrous conditions with 0.7 
cc. of phosphorus oxychloride by refluxing at 140- 
150° for one hour. Unreacted starting material 
separated on cooling, and was removed by filtration. 
The filtrate was concentrated in a vacuum at a low 
temperature. The resulting white, crystalline, 
somewhat gummy residue was washed with boiling 
water and recrystallized from acetone-alcohol solu- 
tion two times. A crystalline compound melting at 
243-245 ° (corrected) resulted; yield, 0.9 Gm. (32%). 
Titration of this compound with 0.1 N sodium 
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hydroxide resulted in hydrolysis to the sodium salt 
of sulfonylbisacetanilic acid. 

Anal.—Caled. for CywHsONS: N, 5.86; Ss, 
13.39. Found: N, 5.81; S, 14.39. 

7. Preparation of a,a’-Thiobispropionimide.— 
This product was prepared by heating 40 Gm. of the 
diammonium a,a’-thiobispropionate at 210-220° as 
previously described under the preparation of thio- 
bisacetimide. The resulting oil was recrystallized 
three times from alcohol giving 13 Gm. of fairly 
large, shiny, crystalline plates which melted at 129° 
(corrected) (A). 

Dilution of the alcoholic filtrate with water re- 
sulted in 13 Gm. of needle-like crysta!s which, after 
recrystallization from an alcohol-water mixture 
three times, melted at 69-72° (corrected) (B). 
Yields of both products were approximately equal 
with a total yield of 86% of the theoretical. Heat- 
ing compound B in a test tube above an open flame 
resulted in compound A. Both compounds liber- 
ated ammonia when heated with a 10% solution of 
sodium hydroxide. 

Anal.—Caled. for CsH,O.NS: N, 8.80; S, 20.12. 
Found for A: N, 8.76; S, 19.73; for B: N, 8.78; 
S, 20.37. 

8. Preparation of a,a’-Thiobis-n-butyrimide.— 
Twenty-five grams of diammonium a,a’-thiobis-n- 
butyrate was heated as described under the prepara- 
tion of thiobisacetimide. The resulting oil, after 
several recrystallizations from alcohol, yielded 8 Gm. 
(42%) of thin platelets; m. p. 116-117° (corrected). 
Only one crystalline compound was isolated even 
though possibility of cis-trans isomers exists. 

Anal.—Caled. for N, 7.49;  S, 
17.11. Found: N, 7.15; S, 17.52. 

9. Synthesis of N-Phenyl-a,a’-thiobis-n-butyr- 
imide: Preparation of a,a'-Thiobis-n-butyric An- 
hydride-—Twenty grams of a,a’-thiobis-n-butyric 
acid [meso form, m. p. 106-109° (3)] was refluxed 
for three hours with an excess acetyl chloride. 
After removal, under reduced pressure, of the excess 
acetyl chloride and formed acetic anhydride, the re- 
sulting oil was distilled under reduced pressure and 
the portion coming over between 149-151 ° at 15mm. 
was collected; yield, 16 Gm. (85%). The oil solidi- 
fied in an ice bath and melted at 18-19°. The neu- 
tral equivalent was 189.5 as compared to a calculated 
value of 188. The following physical constants were 
observed; 1.1938, 1.4942. 

Similar results were obtained if the racemic form 
of the acid were used with the exception that the 
anhydride could not be solidified even at — 10°. 

a,a’-Thiobis-n-butanilic Acid.—Fifteen grams of 
the above anhydride was treated with 7.4 Gm. of 
aniline in 100 cc. of dry benzene. The crystals 
which separated on cooling were recrystallized 
several times from an alcohol-water mixture; m. p. 
128-129° (corrected); yield, 15.5 Gm. (70%). 

Anal.—N. E. Caled. for CyHwO;NS: 281. 
Found: 280.5. Caled.: N, 4.98; S, 11.39. Found: 
N, 4.91; S, 11.85. 

N-Phenyl-a,a'-thiobis-n-butyrimide.—Ten grams 
of the anilic acid obtained above was refluxed for 
three hours with an excess acetyl chloride. After 
the excess acetyl chloride and formed acetic anhy- 
dride were removed under reduced pressure, the oily 
residue was recrystallized from alcohol. Needle- 
like crystals were obtained which, after several re- 
crystallizations, melted at 122-123° (corrected) (A). 
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When the alcohol filtrate was cooled in an ice-salt 
bath, additional crystals were obtained. These 
crystals were soluble in petroleum ether and alcohol 
while the others were not. Recrystallization of 
these from a benzene-petroleum ether mixture re- 
sulted in only a small portion of the higher melting 
compound, but concentration of the filtrate gave a 
compound melting at 61-62° (corrected) (B). The 
yield of each compound approximated 30% of the 
theoretical (2.5 Gm.). 

Heating compound B in a test tube over an open 
flame resulted in compound A. 

Anal.—Caled. for CyuHwOe.NS: N, 5.32; S, 
12.17. Found for A: N, 5.40; S, 12.55; for B: 
N, 5.09; S, 13.30%. 

10. Attempted Synthesis of a,a’-Sulfonylbis-n- 
butyrimide and N-Phenyl-a,a’-sulfonylbis-n-butyr- 
imide via the Anhydride: Preparation of a,a'- 
Sulfonylbis-n - butyric Anhydride.—a,a’ - Sulfonyl- 
bis-n-butyric acid was prepared by the method de- 
scribed for sulfonylbisacetic acid, with the exception 
that this acid would not form an insoluble barium 
salt. The acid was isolated by extraction with ether 
and purified by recrystallization from water. 
Vields approximated 55% of the theoretical. 

Fifty-five grams of this acid [meso form, m. p. 
156-158° (3)] was refluxed for eight hours with an 
excess acetyl chloride. Concentration of the reac- 
tion mixture under reduced pressure resulted in a 
crystalline product which w,s recrystallized two 
times from a benzene-petroieum ether mixture; 
m. p. 63-64° (corrected). Yield, 38 Gm. (76%). 
The compound gradually converted to the corre- 
sponding acid on standing. 

Anal.—N. E. Caled. for CsH»O,S: 
111.5. 

a,a’-Sulfonylbis-n-butamic Acid.—A solution of 25 
Gm. of the above anhydride in anhydrous benzene 
was saturated with dry ammonia gas. The resulting 
crude ammonium salt of the butamic acid was dis- 
solved in an aqueous solution of sulfuric acid by 
boiling slightly. The resulting solution was cooled 
and the first needle-like crystals separating melted 
at 186-187° and were of unknown identity. Fur- 
ther concentration resulted in smaller crystalline 
needles which melted at 178-179° (dec.); yield, 12 
Gm. (50%). These latter crystals were believed 
to be the desired amic acid. Neutral equivalent 
determinations gave varying results which averaged 
10 above the calculated value of 237. 

Anal.—Caled. for CsHyOsNS: N, 5.92; S, 13.50. 
Found: WN, 6.09; S, 13.74. 

Attempted Preparation of a,a’-Sulfonylbis-n-butyr- 
imide.—All attempts to prepare the cyclic imide 
from the corresponding amic acid using acetyl chlo- 
ride or phosphorus oxychloride were unsuccessful. 

Attempted Preparation of N-Phenyl-a,a’-sulfonyl- 
bis-n-butyrimide.—Treating the anhydride obtained 
above with the calculated amount of aniline in a 
benzene solution resulted in a thick oil which could 
not be crystallized under various conditions, nor 
could the cyclic imide be isolated from a portion of 
the oil which had been refluxed with acetyl chloride. 

11. Synthesis of a,a'-Thiobisisobutyrimide: 
Preparation of Ethyl a-Bromoisobutyrate.—Iso- 
butyryl chloride was prepared by adding 132 Gm. of 
isobutyric acid to a very slight excess of thionyl 
chloride. The portion distilling at 92-94° was 
collected [reported b. p. 92° (8)]; yield, 119 Gm. 
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This product was brominated by adding a slight 
excess of bromine to the isobutyryl chloride and the 
mixture gradually heated to 100° over a period of 
six hours. The resulting mixture was saturated 
with CO, in order to remove the excess bromine and 
hydrogen bromide and then distilled under reduced 
pressure. The fraction coming over at 51—-52° at 14 
mm. pressure was collected (no record in the liter- 
ature); yield, 186 Gm. Treating this product with 
absolute alcohol resulted in the desired ethyl ester. 
The fraction distilling at 59-60° at 14 mm. was 
collected [reported b. p. 70° at 20 mm. (9)]. The 
yield was 125 Gm. which approximated 43%, based 
on the isobutyric acid. 

a,a’-Thiobisisobutyric Acid.—The procedure used 
was essentially that of Larsson (10). The diethyl- 
ester of a,a’-thiobisisobutyric acid, which was an 
intermediate, was fractionated under reduced pres- 
sure. The fraction coming over between 135-138° 
at 8 mm. pressure was collected. The saponification 
equivalent for this fraction was found to be 132.4 as 
compared to the calculated value of 131.2 for the 
desired ester. 

For the preparation of the acid, however, the un- 
fractionated oil separated from the original reaction 
mixture was satisfactory. Saponification of this 
followed by acidification gave a product which, 
when recrystallized from water two times, melted 
over a range of 140-145° with an opalescent melt at 
140-142° and a clear melt at 144-145°. Larsson 
lists the melting point at 142°. The neutral equiv- 
alent was 101.8 as compared to a calculated value of 
103. The yield was 70% of the theoretical. 

a,a’-Thiobisisobutyrimide.—Fifteen grams of the 
diammonium salt was heated in a flask between 
230-250° for about one hour. The resulting oil was 
recrystallized several times from alcohol; m. p. 156- 
157° (corrected); yield, 7 Gm. (60%). 

Anal.—Caled. for CsH,O.NS: N, 7.48; 
17.11. Found: N, 7.34; S, 16.68. 

12. Attempted Synthesis of a,a’-Thiobis(di- 
ethylacetic) Acid.—Following the same procedure 
used for the preparation of a,a’-thiobisisobutyric 
acid, all attempts have failed to yield the desired 
a,a’-thiobis(diethylacetic) acid from ethyl a-bromo- 
diethylacetate. 

13. Preparation of a,a’-Sulfonylbisisobutyr- 
imide.—Two grams of a,a’-thiobisisobutyrimide was 
treated in acetic acid for three days at room tem- 
perature with 40% in excess of the calculated 
amount of 30% solution of hydrogen peroxide. 
Crystals appeared on the third day which were re- 
crystallized two times from alcohol; m. p. 236-237° 
(uncorrected) (A); yield, 1.9 Gm. (81.5%). 

This procedure, however, did not give the product 
consistently. Repeated attempts, even with ice 
cooling at the beginning of the reaction, resulted ina 


melting point tube (uncorrected) (B). Yields were 
about the same as for the higher melting compound. 

Product B showed acidic properties and when 
neutralized with sodium hydroxide using phenol- 
phthalein as an indicator and then acidified with 
hydrochloric acid, a product melting at 239-240° 
(uncorrected) resulted. A mixed melting point of 
this product with product A showed no depression 
in the melting point. There was approximately a 
30% loss of material as a result of this recrystalliza- 
tion. 
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Further recrystallization of A from alcohol did not 
change its melting point, but if it was recrystallized 
by first neutralizing with sodium hydroxide followed 
by acidification with hydrochloric acid, the resulting 
crystals melted at 239-240° (uncorrected). 

It was thought that perhaps compound B was 
a,a’-sulfonylbisisobutyramic acid, but the analysis 
did not confirm this assumption. The basis for the 
assumption was the loss of a gas, believed to be 
CO,, at the melting point. The acid might readily 
lose CO, and convert to the cyclic imide. 

Anal. for A.—Caled. for CsHyO NS: N, 6.39; 
S, 14.61. Found: N, 6.40; S, 14.56. 

Anal. for B.—Caled. for CsHyOsNS (a,a’-sul- 
fonylbisisobutyramic acid): N, 5.90. Found: N, 
6.68. 

14. Preparation of Sulfonylbisacetimide.—Fol- 
lowing the procedure given in the preceding experi- 
ment (i.e., oxidation with 30% hydrogen peroxide at 
room temperature), slightly less than 1 Gm. of 
sulfonylbisacetimide was obtained from 4 Gm. of 
thiobisacetimide. This product melted at 206-207 ° 
(corrected). However, the product could not be 
obtained consistently by this procedure. 

Anal.—Calcd. for N, 8.59; S, 19.63. 
Found: N, 8.57; S, 19.65. 

15. Attempted Preparation of Other Sulfonyl 
Derivatives.—Attempts to oxidize a,a'-thiobispro- 
pionimide and a,a’-thiobis-n-butyrimide to the 
corresponding sulfones using a solution of hydrogen 
peroxide, as described above, failed to yield the de- 
sired products. Similar treatment of N-phenyl- 
thiobisacetimide resulted in sulfonylbisacetanilic 
acid. 

16. Preparation of N-Methyl-a,a’-sulfonylbis- 
isobutyrimide.—Three grams of a,a’-sulfonylbisiso- 
butyrimide was treated in 30 cc. of water with 16 cc. 
of normal sodium hydroxide solution. To this mix- 
ture was added 3 cc. of dimethyl sulfate and the re- 
sulting mixture shaken vigorously for a short time. 
The mixture was then allowed to stand one hour 
with occasional shaking. The resulting mixture 
was then extracted with three 25-cc. portions of 
ether. The ether was evaporated and the residue 
recrystallized from water three to five times until a 
product melting at 115-116° (uncorrected) was 
obtained; yield, 2.1 Gm. (65%). 

Anal.—Caled. for 
N, 5.95. 

17. Preparation of N-Methyl-a,a’-thiobisiso- 
butyrimide.—Ten grams of a,a’-thiobisisobutyr- 
imide was dissolved in 100 cc. of water and treated 
with 60 cc. of normal sodium hydroxide similar to 
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the procedure above. The ether extraction yielded 
a liquid product with a characteristic camphoraceous 
odor. This product was distilled under reduced 
pressure and the portion coming over at 116-120° at 
17 mm. pressure was collected. This portion still 
possessed the characteristic camphoraceous odor. 
The yield was 7.5 Gm. (70%). 

Anal.—Caled. for CsH;sO,.NS: N, 6.96. Found: 
N, 6.76. 


SUMMARY 


1. The synthesis of 7 new alkyl- and aryl- 
substituted thiobisacetimides and 4 correspond- 
ing sulfonyl compounds are described, namely: 
(a) N-phenylthiobisacetimide, (b) N-benzoylthio- 
bisacetimide, (c) sulfonylbisacetimide, (d) N- 
phenylsulfonylbisacetimide, a@,a’-thiobispro- 
pionimide, (f) a,a’-thiobis-n-butyrimide, (g) N- 
phenyl-a,a’-thiobis-n-butyrimide, (kh) a,a’-thio 
bisisobutyrimide, (¢) a,a’-sulfonylbisisobutyr- 
imide, (j) N-methyl-a,a’-sulfonylbisisobutyrim- 
ide, and (k) N-methyl-a,a’-thiobisisobutyrimide. 

2. Various intermediates are reported for the 
first time, namely: (a) sulfonylbisacetanilic acid 
and its aniline salt, (6) a,a’-thiobis-n-butyric 
anhydride, (c) a,a’-thiobis-n-butanilic acid, (d) 
a,a’-sulfonylbis-n-butyric anhydride, and (e) 
a,a’-sulfonylbis-n-butamic acid. 

3. Preliminary pharmacological data indi- 
cated that most of the cyclic thio compounds 
were highly toxic and showed no anticonvulsant 
activity. N-methyl-a,a’-sulfonylbisisobutyrim- 
ide was relatively nontoxic but caused ataxia. 
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Studies on Sex Variation to Picrotoxin in the 
Albino Rat*+t 


By HARALD G. O. HOLCK{ 


The subcutaneous LD of picrotoxin of the adult male albino rat was 87 per cent 
higher than for the female (5.48 versus 2.82 mg./Kg.); 458 rats were used in these 


determinations. 
guinea pigs, or Syrian hamsters. 
resistance to picrotoxin. 


No sex variation, however, was found in case of albino mice, 
Castration of adult males or females lowered the 
Daily administration of testosterone propionate over a 


= of ten days increased the resistance of normal and castrated young adult 
‘emales i 


. The typical sex difference persisted in normal rats in which both 


dneys 


had been removed about eighteen hours prior to administration of picrotoxin. 


T= FIRST mention of sex variation to picro- 
toxin was made by Holck (1), who reported 
an approximate median lethal dose of 5.9 mg. per 
Kg. for male and 3.5 for female hybrid rats. 
Although the matter of sex is not discussed, the 
data of Cole (2) also indicate a higher resistance 
of the albino male rat as compared with that of 
the female. A similarly marked sex difference in 
resistance to strychnine has been reported re- 
peatedly (3, 4). However, in our preliminary 
studies, no sex variation was found in the case ot 
another convulsant drug, namely, Metrazol. 


EXPERIMENTAL 


Fatal Dose Determinations in Albino Rats.—In 
the present study the median lethal doses (LDw»,) 
for young adult albino rats of Wistar stock were 
established in the two sexes. The animals were not 
fasted and had been kept on a uniform diet in a 
temperature-controlled animal room. The picro- 
toxin was injected subcutaneously in the abdominal 
area, using a 0.2°) solution in distilled water. Be- 
cause it has been reported that the fatal dose of 
picrotoxin gradually decreased in mice as the room 
temperature is raised from 20° to 40° (5), we kept 
the temperature at 27-28 ° during this determination. 
After injection each animal was kept in an indi- 
vidual cage. The doses were increased in steps of 
15% and a total of 179 males and 186 females were 
injected. The dosage range and observed mor- 
talities are shown in Table I. To cover the whole 
range of fatalities the highest male dose of 7.31 mg./ 
Kg. was added four weeks after concluding the rest 
of the one-day experiment carried out on both sexes 
simultaneously. 
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The LD»’;, calculated by the double integration 
method proposed by Dragstedt and Lang (6), were 
5.21 mg./Kg. for the males and 2.88 for the females, 
a ratio of 1.81 as compared with 1.69 for the smaller 
groups of hybrid rats already mentioned. The 
markedly higher male resistance may also be noted 
by comparing the fatalities with the doses of 3.66 
and 4.20 mg./Kg. 

Fatal Dose Determinations in Albino Mice.—In 
previous studies upon hexobarbital, although the rat 
exhibited a marked sex difference, no difference be- 
tween the sexes was seen in mice (7). To ascertain 
if mice show any sex difference with picrotoxin, 8 
groups of 11 male Swiss albino mice weighing 16'/, 
te 24 Gm. each and 9 groups of 11 females ranging 
TaBLe MortTALItTIES IN ALBINO 
Rats? 


Picrotoxin, 
Mg./Kg. 


Mortalities 
Males Females 
2 1/31 
2 6/31 
2 16/31 
3 19/31 
3. 26/31 
4. 2/% 31/31 
+ : 
5 
6 
7 


Picrotoxin was 
from a 0.2% solution in dis- 


® Nonfasted albino rats, 4-6 months old. 
dministered subcut ly 
tilled water. 


from 15 to 21 Gm. were injected with picrotoxin. 
The concentration was 0.1% in distilled water and 
the drug was injected subcutaneously in the area 
close to the base of the tail; the dosage increases 
were only 9.3%. The LD» for the males was 4.92 
mg./Kg. and for the females 5.01; the ratio be- 
tween the sexes was only 0.98, indicating absence of 
sex difference to picrotoxin with this animal. 

The Age Factor in Sex Difference.—Before at- 
tempting any study on the influence of operations or 
medication on the sex difference to picrotoxin we 
first tried to ascertain the influence of age on each 
sex and on the sex difference by employing a method 
which necessitated fewer animals per test. In this 
type of test we injected a small dose of picrotoxin 
subcutaneously every ten minutes, using 10 different 
sites of injection. Absorption apparently was rapid 
for tremors generally were noted after 3 to 4 injec- 
tions. In order to secure accurate measurements, 
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we made the concentration of picrotoxin 0.075% in 
the case of 1- to 2-month-old rats, and 0.15 or 0.12% 
in the remainder, using distilled water as the solvent 
in all cases. The room temperatures were between 
23° and 28°, but did not vary more than 2° for any 
single experiment. The data are shown in Table II 
and in Fig. 1. 


(Mo/Ke.) 


Av. Rat Dose or 


234 6 12 16 
Ace in MonTHs 

Fig. 1.—Plot of the average lethal doses of picro- 
toxin for data presented in Table II. The symbols 
@ and xX represent average lethal doses for male 
albino rats injected subcutaneously every ten 
minutes with 0.75 and 0.60 mg. of picrotoxin per 
Kg., respectively. The symbols O and - represent 
corresponding values for female rats. The extent 
of sex variation at each age is indicated by the length 
of the vertical line. 


The importance of choosing the individual dose is 
brought out in these studies. If the dose is too 
small, some of the rats, especially the males, develop 
tolerance, and may require several times the usual 
number of doses, so that the standard error becomes 
very great. Such development of tolerance in some 
of the rats has previously been reported for pento- 
barbital and hexobarbital in the rat (8). If the dose 
is too great, the rat dies after a small number of 
doses; this is unsatisfactory from the statistical 
point of view; also, the sex difference may become 
obscured. The results also show that within each 
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sex there seems to be a lowering of resistance as the 
rats advance in age from 2 to 8, or from 4 to 12 
months. However, because the experiments were 
carried out at considerable intervals of time, addi- 
tional tests would be required for confirmation. As 
to sex difference, this is absent at the age of 1 month, 
is noticeable at 2 months, and is most marked at the 
age of 3-4 months; although it seemed uncertain at 
the age of 8 months, it was apparently present at the 
age of 12 months, but not at 18. Jn every case the 
tests upon the two sexes of the same age were carried out 
simultaneously. 

Fatal Dose Determinations in Syrian Hamsters 
and in Guinea Pigs.—Before attempting to use the 
multiple dose technique to study factors other than 
age and sex which might modify the response to 
picrotoxin in the rat, we applied it to a number of 
Syrian hamsters and of guinea pigs to ascertain if 
any sex variation existed in either animal species. 
The hamsters were 4 months old and were given 0.75 
mg./Kg. (0.15% solution) subcutaneously every ten 
minutes. The average number of mg./Kg. required 
to produce death was 9.94 + 0.73 for the 12 males and 
10.69 + 0.54 for the 12 females; the ¢ factor is 0.83, 
hence no sex variation is present. Likewise, in 
young adult guinea pigs (410 to 502 Gm. males and 
338 to 378 Gm. females) no sex difference could be 
detected. Owing to greater sensitivity to picro- 
toxin only 0.4 mg./Kg. was injected each time. 
The average for the 7 males was 4.36 = 0.48 and for 
the 7 females 4.00 + 0.09 mg.; the high standard 
error in case of the males is due to the fact that one 
male required 18 injections; the females were ex- 
tremely uniform in their response. The ¢ factor is 
only 0.7, indicating absence of sex difference. 

Effects of Castration.—Four experiments were 
conducted to learn what effect, if any, castration 
would have upon the sex difference to picrotoxin in 
the rat. In the first group of tests, the rats were 
castrated at the age of two months. A single dose 
of picrotoxin was chosen which was supposed to kill 
a majority of the females and none or few of the males 
namely 3.66 mg./Kg., subcutaneously given when 
the rats were 4 months old. Of the normal females 
8/16 and of the spayed ones 13/17 died; of the 
normal males, 0/16, and of the castrates, 3/15 suc- 
cumbed. 


TaABLe II.—AcGe Factor tN Sex DIFFERENCE TO PICROTOXIN IN ALBINO Rats 


Mg /Kg 
Every 
10 Min. 
0.75 


Age in 
Months 


Number 
of Rats Sex 
Males 
Females 
Males 
Females 
Males 
Females 
Males 
Females 
Males 
Females 
Males 
Females 
Males 
Females 
Males 
Females 
Males 
Females 


Fatal Dose, Standard 


Error 


HRSSSRRLES 


9 
& 1 
| 
é | 
1 8.31 
8.19 
2 9.19 
7.25 2.11; p = 0.04 
3 = 7.88 
5.57 4.34 
4 sah 8.14 
4.87 
1.04 
4 0.60 \ 
3.36 
8 
2.00; p = 0.06 
12 
3.83 
18 
1.09 
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Inasmuch as the evidence for decreased resistance 
by castration of each sex was inconclusive, the multi- 
ple injection technique was employed in three other 
sets of experiments. The rats were 4 months old 
and had been castrated when 2 months old. Inthe 
first phase of the study we administered 0.75 mg. of 
picrotoxin per Kg. each time, whereas in the second 
only 0.60 mg./Kg. was given. These tests were 
carried out four days apart and the results are sum- 
marized in Table III. 

With the dose of 0.75 mg./Kg., castration of 
either sex apparently lowered the resistance to 
picrotoxin. With the dose of 0.60 mg./Kg. this 
effect is not seen so well in the males. One of the 
normal males developed tolerance and required 37 
doses, hence the high standard error. 

In our third group of experiments we employed 
3.5- to 4.0-month-old rats which had been castrated 
at an earlier age, namely when they were i1 to 13 
days old. The subcutaneous dose was 0.60 mg./Kg. 
every ten minutes when the rats were 3.7 to 4.7 
months old. Tolerance developed in some of the 8 
normal males, hence we discontinued injections into 
these when the average exceeded 10.86 mg./Kg. 
(18.1 injections). The results are presented in A of 
Table IV. 

In a final group of tests we selected a higher dose, 
namely 0.671 mg./Kg., to avoid development of 
tolerance in the normal males. The rats were 5 to 6 
months old and castration was done when they were 
5 to 7 days old; only the castrated males are in- 
cluded because too few operated females survived to 
make their inclusion worth while. The results are 
given in B of Table IV. 

The results in A indicate that castration of the 
males lowered their resistance to picrotoxin, but not 
to the level of that of the females (¢ = 4.13). 
However, according to B, not only was the resistance 
markedly lowered by castration of the males, but 
such castration brought the average below that of the 
normal females (p is less than 0.02). However, one 
cannot directly compare the results in Parts A and B 
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because the ages, the time of castration, and the 
dosages all were different; also, the groups in A 
were rather small. 

Effects of Administering Testosterone Propio- 
nate.—Having ascertained that male rats have a 
higher resistance to picrotoxin than females and that 
castration of the males lowers the resistance, we next 
attempted to learn to what extent, if any, adminis- 
tration of male sex hormone would influence the re- 
sistance of castrated males and females and of nor- 
mal females. Increased resistance in such had 
previously been demonstrated by such medication to 
rats given hexobarbital and pentobarbital, in which 
case similar sex and castration of male effects were 
observed (9). 

In our first experiment we administered single 
doses of picrotoxin to 4- to 4'/,-month-old rats. 
Two doses which normally would kill none or only a 
few males, but nearly all or all of the females were 
given subcutaneously. The dose of testosterone 
propionate (Perandren) was 0.298 mg. in sesame cil 
per rat and was given subcutaneously once a day for 
ten days preceding the picrotoxin administration 
and each day at a new site; an additional dose was 
given on the morning of picrotoxin administration. 
The fatalities are shown in Table V. 

Thus, although the synthetic hormone definitely 
increased the resistance of the normal female rat to 
picrotoxin, it did not bring it up to that of the male. 

In the second experiment we spayed a series of 
female rats at the age of 2 months and administered 
0.298 mg. of testosterone propionate daily according 
to the above plan. When they were 6 months old 


TaBLe V.—EFFrectr oF TESTOSTERONE PROPIONATE 
UPON THE RESISTANCE OF FEMALE ALBINO Rats TO 
PICROTOXIN 


Normal Normal Treated 
Maies Females Females 


3.66 0/15 14/15 2/15 
4.20 2/15 15/15 7/15 


— 


Dose, 
Mg./Kg. 


Taste II11.—Errects or CASTRATION UPON THE NUMBER OF MILLIGRAMS OF PICROTOXIN NEEDED TO KILL 
ALBINO Rats 


Number 
Mg./Kg. of Rats 


0.75 


Sex 
Normal males 
Castrated males 
Normal females 
Spayed females 
Normal males 
Castrated males 
Normal females 
Spayed females 


TABLE IV.- 


Fatal Dose, Standard 


76; p = 0.09 
p = 0.03 


Errect or EarRLty CASTRATION UPON THE RESISTANCE TO PICROTOXIN IN THE ALBINO RAT 


Mg./Kg 
Every 10 Number 
Min of Rats 


0.60 8 


Sex 
Normal males 


8 Males castrated when 


Standard 


Fatal Dose, 
Error 


Mg./Keg. 
>10.86 


7.35 0.48 


11-13 days old 


Normal females 
Females spayed when 


5.74 
5.40 


0.12 
0.19 


11-13 days old 


Normal males 


0.671 


Males castrated when 
5-7 days old 
Normal females 


7.45 
5.44 


0.34 


0.19 5.1 (a vs. 6) 


6.11 0.19 2.5 (6 vs. c) 


‘ 
— 
13 8.14 0.39 
6.94 0 32 2.47; p = 0.04 
+ 14 6.19 0.16 
19 5.41 0.16 3.15 
0.60 20 8.94 0.77 
20 7.50 0.26 
20 6.21 0.19 
’ 20 5.61 0.20 2 
| 
7 eee 
B. (c) 13 
18 


SCIENTIFIC EDITION 


the multiple injection method was used and each 
dose of picrotoxin was 0.60 mg./Kg. The results 
are shown in Table VI, A. 

In the third experiment the technique was similar, 
but the age of the rats was 12'/, to 13 months and 
the testosterone propionate dose was increased to 
1.19 mg. per rat per injection to see if it was possible 
to influence the resistance in older males. The re- 
sults are presented in Table VI, B. The number of 
injections of picrotoxin required to cause death is 
followed by the standard error. 

The combined results indicate that whereas ad- 
ministration of male sex hormone markedly in- 
creased the resistance of spayed and to a lesser ex- 
tent of normal female rats to picrotoxin, it had no 
effect upon that of normal males. The difference 
between normal males and treated females is not 
quite significant; { = 1.63, p about 0.1. 

Effect of Sex Life Upon Resistance to Picrotoxin. 
—Because of reports by Agduhr (10), that sex life 
raises the resistance of rats to various drugs and poi- 
sons, Holck and Fink (11) previously studied this 
factor in case of pentobarbital. It was found that 
only when rats became pregnant did the ability to 
build up tolerance distinctly increase, this increase 
persisting through the lactating period. With 
picrotoxin the following tests were carried out upon 
pregnant rats. A single dose was chosen which was 
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TasLe VII.—Errecr OF PREGNANCY UPON Mor- 
TALITY WITH PICROTOXIN IN THE ALBINO RaT 


Females 
Unmated Pregnant 


7/9 9/9 
9/9 9/9 


Males, 
Unmated 
3/9 
3/9 


Dose, 
Mg./Kg. 
4.82 
5.54 


Tas_e VIII.—Errects oF MATING MALE RatTs AND 
oF LACTATING UPON RESISTANCE TO PICROTOXIN IN 
THE ALBINO RaT 


Mg./Kg. 
Every 10 
Min. 
0.75 
Mated males 
Unmated females 
Lactating females 


Effect of Blocking the Reticulo-Endothelial Sys- 
tem with Thorotrast.—Inasmuch as the reticulo- 
endothelial system has been shown to be an impor- 
tant factor in sulfonamide conjugation by Maher 
(12), an attempt was made to ascertain if this system 
mifht be involved in the sex variation to picrotoxin. 
Following the plan of Maher, intravenous injections 
of the blocking agent, thorotrast, were made; this 
agent is a stabilized colloidal suspension containing 


EFFECTS OF TESTOSTERONE PROPIONATE UPON THE RESISTANCE OF NORMAL MALE AND FEMALE 


RATS AND OF SPAYED RATS TO PICROTOXIN 


Sex 
Spayed females 


Hormoned treated females 


Normal males 


Hormone treated males 


Normal females 


Hormone treated females 


Fatal Dose, Standard 
Mg./Kg. Error 


5. 
7. 
7. 
6. 
5. 
6. 


2.3; p = 0.03 


expected to kill all or nearly all normal female rats, 
but only a few of the males; the medication was by 
subcutaneous injection and the concentration 0.2% 
in distilled water. The pregnancies varied from 
early to late in each group. The results are pre- 
sented in Table VII. 

Thus, pregnancy did not have any appreciable in- 
fluence upon the resistance to picrotoxin. 

In a second experiment the resistance of mated 
and unmated males, and of lactating mothers and 
unmated females were compared. Each male was 
placed for five weeks in a cage which to begin with 
contained 3 female rats; as soon as a female ap- 
peared to be pregnant it was removed. No male at 
the time of picrotoxin administration was with less 
than one female. The baby rats of the lactating 
mothers were from 4 to 18 daysold. We employed 
the multiple injection method and administered 0.75 
mg./Kg. per injection every ten minutes under the 
skin; at the time of picrotoxin medication the ani- 
mals were 6 months old. The average number of 
mg./Kg. with their standard errors are shown in 
Table VIII. 

Thus, neither mating of the males nor lactating 
influenced the resistance to picrotoxin; the ¢ factor 
for the two female groups is only 1.52, hence p ex- 
ceeded 0.1. A ¢ factor of 2.55 (p less than 0.02) 
shows the typical sex variation between unmated 
males and females. 


24% to 26% of thorium dioxide. Having estab- 
lished that 6 cc./Kg. was fatal to a large proportion 
of the rats, we injected only 3 cc./Kg. into a femoral 
vein under ether anesthesia on the afternoon prior to 
administering picrotoxin; however, even with this 
dose 2 of the females died overnight. The multiple 
injection technique was employed and a dose of 0.60 
mg. of picrotoxin per Kg. was adopted; the rats 
were four to five months old. The average number 
of mg./Kg. with the standard error are presented in 
Table IX, A. 

In a repetition experiment we injected the thoro- 
trast more slowly and gave picrotoxin on the third 
day following these injections. This gave the ani- 
mals more time to recover from the effects of the 
ether anesthesia and the incision. Inasmuch as the 
thorotrast effects tend to wear off—though the 
substance is still in the body—it was considered un- 
wise to use a longer interval of time between thoro- 
trast medication and picrotoxin injections. None of 
the animals died. The individual dose this time 
was 0.671 mg. of picrotoxin per Kg. (0.134% solu- 
tion) and the rats were 4.0 to 4.7 months old. The 
results are recorded in Table IX, B. 

The ¢ factor in A was 2.18, p = 0.04, indicating 
that shortly after thorotrast medication sex differ- 
ence was not completely abolished. B shows that 
when full thorotrast blocking had occurred, the sex 
variation to picrotoxin completely disappeared. 


Dose, Standard 
Mg./Kg. Error 
7.88 0.29 
8.02 0.29 
6.98 0.20 
7.46 0.25 
) 
Mg./Kg. 
“Min Rats 
Min. of Rats Factor 
A 0.60 0 
9 ES 56 0.25 7.1 
B 13 ST 02 0.29 
13 ee 96 0.19 
14 70 0.15 
14 36 0.26 
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Errects oF BLOCKING THE RETICULO-ENDOTHELIAL SYSTEM WITH THOROTRAST UPUN THE SEX 


Mg. /Kg. 
Every 10 Min 
0.60 (after 18 hrs.) 
0.671 (after 64 hrs.) 


Standard 
Error 
0.49 
0.18 
0.28 
0.36 


Sex 
Treated males 
Treated females 
Treated males 
Treated females 


Effects of Keeping Picrotoxin in Blood Serum.— 
To ascertain if the blood contained substances which 
would detoxify picrotoxin we centrifugalized blood 
serum from male rats. Picrotoxin was dissolved in 
this serum and kept for about thirty minutes prior 
to injection. Similarly, another sample was dis- 
solved in distilled water and kept there for thirty 
minutes. The concentrations of picrotoxin were 
0.1%. <A single dose of 3.75 mg. of picrotoxin per 
Kg. was administered subcutaneously to each rat. 
The mortalities which resulted with the 7- to 7'/2- 
month-old female rats are presented in Table X. 

Thus, not only did fewer rats die, but those that 
did survived longer when picrotoxin had been sgpred 
in blood serum. Hence, apparently, the picrotoxin 
was altered by standing in blood serum. 

Effect of Double Nephrectomy on Sex Variation to 
Picrotoxin in the Albino Rat.—To ascertain if the 
kidney played any important role in the sex vari- 
ation to picrotoxin, sixteen 4- to 5-month-old rats of 
each sex were double nephrectomized under ether 
anesthesia the afternoon prior to giving 0.60 mg. of 
picrotoxin per Kg. subcutaneously every ten minutes 
until each rat had died. The average number of 
mg./Kg. with the males was 6.07 + 0.31 and with 
the females 4.54 + 0.14. The ¢ factor of 4.39 indi- 
cates that the sex variation in double nephrectomized 
rats is of the same order as in normal animals. 

Effects of Epinephrine and of Insulin Medication 
on Resistance to Picrotoxin and to Hexobarbital.— 
In view of the report by Reinhard (13), that pre- 
liminary medication with epinephrine lowered the 
resistance of mice to hexobarbital, and because the 
adrenals are much larger in female (see subsequent 
data) than in male rats, an experiment was carried 
out to see whether or not such preliminary epineph- 
rine medication would alter the male rat response to 
picrotoxin. Twelve rats, 4 to 6 months of age, 
were given 0.05 mg. of epinephrine hydrochloride per 
Kg., intramuscularly, ten minutes prior to adminis- 
tering 0.75 mg./Kg. of picrotoxin, subcutaneously, 
every ten minutes. The epinephrine solution was 
002°%. Twelve control rats were given a similar 
volume of 0.9° sodium chloride solution prior to 
picrotoxin. That the epinephrine dose was safe is 
indicated by the fact that one rat, which was given | 
mg./Kg., survived. With two, however, death en- 
sued in seven minutes. The results are presented in 
Table XI, A. 


X.—Errect ON MortTALITIES IN ALBINO 
FEMALE Rats oF STORING PICROTOXIN IN BLOOD 
SERUM FoR 30) Minutes Prior TO ADMINISTRATION 


9/9 


Average death time: 
39 minutes 

Average death time: 
58 minutes 


Drug stored in water 


Drug stored in blood 4/10 


Insulin premedication likewise was shown by 
Reinhard (13) to prolong the hypnosis with hexo- 
barbital in mice. Therefore, preliminary administra 
tion of insulin to male rats was tried to study its 
effect on resistance to picrotoxin. Ten 4- to 4!/, 
month-old rats were given 2 units of insulin per Kg., 
intramuscularly, about an hour and a half after 
separating the nonfasted rats and exactly twenty 
minutes prior to beginning the picrotoxin injections 
Owing to the higher resistance of the rat than the 
mouse to insulin, we chose this dose, which is twice 
the mouse dose given by Reinhard (13) and by Holck 
(14). The latter found that neither epinephrine nor 
insulin influenced the fatal dose of hexobarbital in 
mice. The multiple dose method was adopted and 
the picrotoxin dose was again 0.75 mg./Kg. The 
results are presented in Table XI, B 

These results clearly show that neither epineph- 
rine nor insulin as here administered exerted any 
influence upon the resistance to picrotoxin. 

In view of these negative results it seemed desir- 
able to ascertain if rats behaved like mice to hexo- 
barbital when pretreated with insulin, as reported 
for mice by Reinhard. We therefore administered 
5 units of insulin per Kg. intramuscularly to 12 non- 
fasted male rats and to 11 nonfasted females, using a 
solution containing 5 units of insulin perce. Twenty 
minutes later 100 mg. of sodium hexobarbital per 
Kg. was administered intraperitoneally (5 cc. of 2 
solution in distilled water). The controls were 
given preliminary 0.9°% sodium chloride solution. 
The rats were 4 to 4'/; months old. The average 
number of minutes of loss of the righting reflex in 
the four groups, with the standard error, is presented 
in Table XII. . 

These results indicate that insulin did not sig- 
nificantly influence either the male or the female re- 
sistance to hexobarbital; the ¢ factor in case of the 
females is 1.77, or p = 0.09. The usual sex vari- 
ation is present in both the untreated and the 
treated rats. Apparently, rats pretreated with 
insulin differ from similarly treated mice in their 
resistance to hexobarbital. 


TaBLe XI.—Errecrs oF PRELIMINARY EPINEPH- 
RINE HYDROCHLORIDE OR OF INSULIN MEDICATION 
UPON THE RESISTANCE TO PICROTOXIN IN THE 

ALBINO 


Standard 

Error 

Control males 0.20 

Epinephrinized 6.6 0.38 
males 

Control males j 0.20 

Insulinized 6. 0.27 
males 


VARIATION TO PICROTOXIN IN THE ALBINO RAT 
Number Fatal Dose, 
of Rats Mg./Kg 
A. 12 6.11 . 
12 4.90 
hig B. 15 7.72 
15 8.05 
i 
Kg Num- 
ie Every ber Fatal 
10 of 
Min Rats 
A 0.75 12 
12 
B 0.75 10 
10 
serum 


OF PREMEDICATION WITH 
THE Time or Loss OF RIGHTING 
IN THE NORMAL 


Taste XII.—Errecr 
INSULIN UPON 
REFLEX WITH HEXOBARBITAL 

ALBINO 


Average 


Number Standard 

of Rats Sex Minutes Error 
12 Untreated males 42.3 2.9 
12 Insulinized males 45.2 2.1 
ll Untreated females 92.4 5.1 
ll Insulinized females 107.2 6.6 


#100 mg. of sodium hexobarbital per Kg. was injected 
intraperitoneally twenty minutes after administering 5 units 
of insulin per Kg. intramuscularly. 


Effects of Adrenal Cortex Hormone Medication 
upon Resistance to Picrotoxin, upon Size of the 
Adrenal Gland, and upon Storage of Ascorbic Acid 
in This Gland.—Finally, because female rats possess 
much larger adrenal glands than males, we studied 
the possible influence of administering adrenal 
cortex hormone. For fifteen days prior to, and on 
the morning of, picrotoxin administration, we injected 
0.2 mg. of corticosterone acetate (Percorten) in 
sesame oil per rat daily by muscle. The controls 
were given sesame oil only. The rats were 4'/, 
months old at the beginning of the hormone medi- 
cation. Injections of 0.70 mg. of picrotoxin per Kg. 
(0.14% solution) were given under the skin every ten 
minutes until death. Total ascorbic acid deter- 
minations were made after death by the method of 
Musulin and King (15), as modified by Morell (16). 
The average number of mg./Kg. needed to cause 
death, with the standard error, and the relative 
adrenal and ascorbic acid weights are tabulated in 
Table XIII. 

In the last group one rat developed tolerance and 
was in fair condition after receiving 19.6 mg./Kg. (28 
injections) when injections were discontinued. The 
figures in the last two columns represent all 15 rats. 
The results indicate that in our stock the female 
adrenal glands are larger in proportion to those of 
the males than reported by Donaldson (17); the 
value for the control males agrees closely with that 
previously reported by Holck, e? a/. (7), namely, 114 
mg./Kg. of body weight. Administration of corti- 
costerone altered the resistance to picrotoxin in 
neither sex. However, in the males it increased not 
only the adrenal weight proportion, but also the 
ascorbic content per unit of adrenal weight to a 
value close to that seen in the females. It is not 
possible to conclude that medication with the 
adrenal cortex hormone abolished or diminished the 
sex variation to picrotoxin because the determina- 
tions upon the females were carried out six days 


ScIENTIFIC EDITION 


TasLe XIII.—Errects or CorTICOSTERONE ACETATE PREMEDICATION UPON RESISTANCE TO PICROTOXIN, 
UPON ADRENAL GLAND SIZE, AND UPON STORAGE oF Ascorsic ACID IN THE ADRENAL GLAND OF THE ALBINO 
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after those upon the males and not simultaneously; 
our own experience with picrotoxin and recent com- 
prehensive work indicates that a difference of a few 
days may make a considerable difference in the re- 
ponse of rats to various drugs (18). 


DISCUSSION 


Higher male rat resistance to picrotoxin is seen 
either by determining the median lethal doses for 
the two sexes or by comparing the average number 
of injections needed to produce death when a small 
dose is injected subcutaneously every ten minutes. 
Although the latter method is more expedient, it is 
not ideal because even when the dosage supposedly 
is well chosen, some rats may develop tolerance and 
require several times the average dose for the re- 
mainder of the group; thus, if included, the standard 
error becomes very great. A method by which in 
part to overcome this difficulty is the cumbersome 
one tried with pentobarbital (but not in the present 
experiments), in which case one starts with a small 
dose and increases it by a small percentage each 
time. Likewise, it is not practical to employ very 
large numbers of each sex to determine what pro- 
portion develop tolerance on any given dose. 

The appearance of sex difference in resistance to 
picrotoxin as maturity approaches and its presence 
for at least the first year of the rat’s life is in agree- 
ment with other studies upon sex variation in the 
rat, as, for example, with pentobarbital or hexo- 
barbital (7, 8), or the studies upon strychnine by 
Poe, et al. (3), in which latter the sex variation was 
indicated at the age of 6 weeks, but much more 
marked when the rats were 18 weeks old. That the 
rat again is unique in exhibiting such sex difference 
is shown by the fact that it was absent in mice, 
hamsters, and guinea pigs, just as it was absent in 
mice, guinea pigs, rabbits, cats, and dogs with hexo- 
barbital (7). 

Castration of either sex lowered the resistance to 
picrotoxin. Studies upon the males indicate that the 
difference becomes greater when castration is made 
at the age of one week rather than at two months; 
resistance to picrotoxin of adult male rats castrated 
at one week of age was even lower than that of the 
normal females. The effect of castration of males 
upon resistance to picrotoxin follows that seen with 
the similar higher male resistance to short acting 
barbiturates, such as hexobarbital or pentobarbital 
(7,8). However, in the case of pentobarbital spay- 
ing of the females, it did not lower, but increased the 
resistance in contrast to what is here seen with 
picrotoxin. 

Pretreatment with daily doses of testosterone 
propionate raised the resistance to picrotoxin in 


Mg./Kg. Number 
Every. 10 of 
Min Rats Sex 


Control males 

Hormone treated males 
15 Control females 

15 Hormone treated females 


0.70 


Ascorbic 
Fatal Dose, Standard Adrenals Acid as % 
Mg./Kg. Error Mg./Kg._ of Adrenals 


7.61 0.29 108 0.083 
7.33 0.34 154 0.123 
7.19 0.27 324 0.114 
7.00 (14 rats only) 353 0.110 


= 
Loss of 
Righting 
Rat 


610 


normal and especially in spayed females; generally, 
however, it did not bring the resistance of the normal 
fermnales quite up to that of the normal males. Such 
effect of the synthetic male hormone is similar to the 
effects produced in normal and spayed females upon 
their response to those barbiturates to which male 
tats have higher resistance (9). 

Although with pentobarbital, pregnant and lac- 
tating females in previous experiments were more re- 
sistant, with picrotoxin such rats had the same re- 
sistance as unmated females. Also, mating for five 
weeks had no influence upon male rat resistance, 
agreeing with our previous findings with pentobarb- 
ital and longer periods of mating (11). 

The disappearance of sex variation to picrotoxin 
when the reticulo-endothelial system was com- 
pletely blocked by thorium dioxide and the loss of 
potency of picrotoxin which had been stored for half 
an hour in male rat blood serum seem promising 
leads for further investigation. The kidneys seem- 
ingly played no part in the sex variation, just as they 
did not with hexobarbital in earlier studies (7). 
Likewise, premedication with epinephrine or insulin, 
previously reported to make mice more sensitive to 
hexobarbital (13), failed to influence resistance to 
picrotoxin; that also holds true for 15-day premedica- 
tion with corticosterone. 


SUMMARY 


1. One hundred and seventy-nine adult male 
and 186 female rats were divided into groups and 
injected subcutaneously with graded doses of 
picrotoxin. The median lethal dose (Dy) for the 
males was 5.21 and the females 2.88 mg./Kg., 
giving a ratio of 1.81. 

2. Sex variation to picrotoxin was absent in 
one-month-old rats, indicated at the age of 2 
months and most marked in 3- to 6-month-old 
rats; it was still demonstrable at the age of one 
year. In these determinations a small dose of 
picrotoxin was injected subcutaneously every ten 
minutes until each rat had died and the average 
number of doses or injections with its standard 
error calculated. 

3. Results by this method showed that castra- 
tion of either sex lowered the resistance to picro- 
toxin; in one series of males this was shown to be 
most marked when the rats were castrated when 
they were only 5 to 7 days old. 

4. Administration of testosterone propionate 
in sesame oi] subcutaneously for ten to fifteen 
days increased the resistance to picrotoxin of 
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normal and, especially, of spayed female rats, but 
did not influence the effect of picrotoxin upon one- 
year males. 

5. During the period of pregnancy and lacta- 
tion the resistance to picrotoxin was unaltered. 
Mating of male rats for five weeks likewise failed 
to influence the resistance. 

6. Blocking the reticulo-endothelial system 
with thorium dioxide completely abolished the 
sex variation to picrotoxin. 

7. Storing picrotoxin for half an hour in male 
rat blood serum lowered the potency of the drug. 

8. Double nephrectomy did not alter the sex 
difference. 

9. Preliminary medication with epinephrine 
did not change the resistance to picrotoxin. 
Preliminary treatment with insulin failed to alter 
the effect of either picrotoxin or hexobarbital. 

10. Daily medication for fifteen days with 
corticosterone acetate did not influence the re- 
sistance of either sex to picrotoxin. In the males 
it increased the relative weight of the adrenals 
and the percentage of ascorbic acid stored in 
these glands. 

11. No sex variation to picrotoxin could be 
detected in albino mice, guinea pigs, or Syrian 
hamsters. 
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The diffusion rates of microcrystalline and 
powdered sulfadiazine from several different 
types of ointment bases have been compared. 
From hydrophilic ointment bases micro- 
crystalline sulfadiazine diffused more rapidly 
than the powdered drug. The addition of 
sodium lauryl sulfate to white ointment con- 
taining sulfadiazine increased slightly the 
liberation of microcrystalline sulfadiazine. 


Gee the advent of sulfonamide therapy, 
many reports have appeared on the relative 
clinical value of sulfonamides in various ointment 
bases with and without wetting agents. Little 
has been published relative to the effect of fine- 
ness of powder on the diffusion of sulfonamides 
from various ointment bases. The results of 
some comparative in vitro diffusion tests on the 
effect of the fineness of powder on the diffusion of 
sulfadiazine from various ointment bases, with 
and without wetting agent by the method of 
Waud and Ramsay (1), are reported here. 


HISTORY 


Huyck, Hirose, and Reyes (2), in a comprehensive 
review of the diffusion of sulfonamides from emulsi- 
fied ointment bases, reported: 

(a) Twenty-four of the investigators mentioned in 
the review compared the results of clinical investiga- 
tions of sulfonamides suspended in water-in-oil, 
grease, and water-soluble bases. Sixty-two and 
one-half per cent preferred the oil-in-water emulsion 
base for general use except for burns. Eight and 
thirty-five hundredths per cent preferred the water- 
in-oil base, 4.16% preferred the grease base, 16.7% 
preferred the water-miscible base, while 8.35% 
maintained that the oil-in-water emulsion base gave 
as good results as the water-in-oil emulsion base. 

(6) In vitro tests indicated sulfa drugs suspended 
in an oil-in-water emulsion-type ointment base dif- 
fused more readily than sulfa drugs suspended in 
the water-in-oil emulsion-type ointment base. 

(c) In vitro tests indicated that diffusion increased 
with the solubility of the base. 

(d) The addition of a large amount of the wetting 
agent Aerosol O. T. increased the diffusion of sulfa 
drugs suspended in the water-in-oil emulsion-type 
base 


(e) The addition of lanolin to triethanolamine 
emulsions containing sulfathiazole increased slightly 
the diffusion of sulfathiazole. 
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The Effect of Fineness of Sulfadiazine and Wetting 
Agents on Diffusion from Ointment Bases* 


By BENJAMIN LEVY{ and C. LEE 
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McKee, Sulzberger, Herman, and Baer (3) found 
that the best penetration of tracer substances 
through the skin was effected by means of vehicles 
which utilized the combined and reciprocal action of 
water, propylene glycol, and interfacial tension- 
reducing agents. Better penetration was effected 
by aqueous solutions, particularly when interfacial 
tension-reducing agents were added. 

Alvaro (4) found the local application of powdered 
and microcrystalline sulfonamides in hydrophilic 
ointment bases containing wetting agents produced 
satisfactory penetration of the cornea. 

Franceschetti, Blum, and Valerio (5) found that 
the addition of sodium lauryl! sulfate to a solution or 
pomade containing dimethy] acroylsulfonamide pro- 
duced a high ocular concentration of the sulfanil- 
amide when administered either by iontophoresis or 
in the form of a pomade. It is only by combining 
the sulfanilamide with a wetting agent that a suffi- 
cient concentration of the sulfonamide can be ob- 
tained to be of therapeutic value for the eye. 

Sarria (6) found that in ointments containing 
hydrocarbon bases, sodium lauryl sulfate has to be 
used in a concentration of 3%, at which concentra- 
tion it proved irritating. In greaseless creams the 
concentration of sodium lauryl sulfate can be re- 
duced to a very low percentage—less than '/,%—as 
a high concentration is not necessary for successful 
results. A higher concentration of sodium lauryl 
sulfate might prove useful and desirable to derma- 
tologists in their fight to destroy bacteria, since the 
lowered surface tension produced (a) larger areas of 
contact with bactericidal agents, (b) higher deter- 
gency of diseased areas, and (c) compatibility with 
serum discharges and simple removal by water. 


EXPERIMENTAL 


The method of Waud and Ramsay (1) was used to 
evaluate the diffusion of ordinary and microcrystal- 
line sulfadiazine! from hydrophilic and nonhydro- 
philic ointment bases with and without the wetting 
agent, sodium lauryl! sulfate. 

Ringer’s solution containing 4% agar was pre- 
pared. To this was added 5% Ehrlich’s solution, 
which consists of 2 Gm. paradimethylaminobenz- 
aldehyde, 50 cc. of concentrated hydrochloric acid, 
and a sufficient quantity of distilled water to make 
1000 ce. This solution when in contact with sulfa- 
diazine turns yellow. After being placed in test 
tubes and allowed to gel, a layer of the vehicle con- 
taining the sulfadiazine was placed over the gel and 
the extent of diffusion measured at definite intervals. 

The two ointment bases, used for the ordinary and 
microcrystalline sulfadiazine, were representative 
ointment bases of the United States Pharmacopeeia. 
They are the white ointment base and the hydro- 
philic ointment base of United States Pharmacopeeia 
XIII, Decennial Revision. 

! The ordinary and the microcrystalline sulfadiazines were 


furnished by Calco Chemical Company, Bound,Brook,,N. J., 
through the courtesy of Dr. Noel E. Foss 
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Fig. 1.—Five © microcrystalline sulfadiazine in 
hydrophilic ointment base versus 5 %% sulfadiazine 
in hydrophilic ointment base, at room temperature: 
The hydrophilic ointment containing the micro- 
crystalline sulfadiazine No. 1 has diffused more than 
ordinary sulfadiazine in hydrophilic ointment base 
No. 2 at room temperature. 


The formulas of the ointments are as follows: 
FORMULA 

5° Microcrystalline sulfadiazine in hydrophilic 
ointment 

Microcrystalline sulfadiazine. . 

Stearyl alcohol 

White petrolatum 

Glycerin. . 

Sodium lauryl sulfate. 

Methyl para hydroxybenzoate. 

Propyl para hydroxybenzoate 

Distilled water. . ay 35.150 Gm. 

100.039 039 Gm. 


FORMULA 2 
5% Sulfadiazine in Hydrophilic Ointment, 
U.S. P. XIII 


Gm. 
Gm. 
Gm. 
Gm 
Gm 
025 Gm. 


Sulfadiazine... .. 

Stearyl alcohol. . 

White petrolatum. 

Glycerin. . 

Sodium lauryl sulfate. 

Methyl para hydroxybe nzoate. 


60° 


DIFFUSION Ce. 


extent 


72 


TwE W HOURS 

Fig. 2.—Five © microcrystalline sulfadiazine in 
hydrophilic ointment base versus 5 % sulfadiazine 
in hydrophilic ointment base after one month at 
37.5°: The hydrophilic ointment containing micro- 
crystalline sulfadiazine 1 (0) diffused greater than 
ordinary sulfadiazine in hydrophilic ointment base 2 


7 


(0) at 374 


c 


Fig. 3.—Five ©} microcrystalline sulfadiazine con- 
taining 1 ©; sodium lauryl sulfate in white oint- 
ment base versus 5 © sulfadiazine containing 1 
% sodium lauryl sulfate in white ointment base, 
both ointments at room temperature: The ointment 
containing microcrystalline sulfadiazine and 1 % 
sodium laury] sulfate in white ointment base (6) 
diffused more than the 5 °% ordinary sulfadiazine 
containing 1 © sodium lauryl sulfate in white 
ointment base (4) at room temperature. 

0.014 Gm. 
35.150 Gm. 
100.039 Gm. 


Propyl para ~ 
Distilled water 


FORMULA 3 
5° Sulfadiazine in White Ointment, U. 
Sulfadiazine 
White petrolatum. . 


Wool fat. 
White wax.. 


P. 


FORMULA 4 
5% Sulfadiazine, 1% Sodium Lauryl Sulfate in 
White Ointment, U. S. P. 
Sulfadiazine 
Sodium lauryl sulfate.......... 
White petrolatum.... 
Wool fat 
White wax. 


ForMuLA 5 
5% Microcrystalline Sulfadiazine in White 
Ointment U. S. P 


Microcrystalline sulfadiazine. . . 
White petrolatum............. 


White wax 


FORMULA 6 
5° Microcrystalline Sulfadiazine, 1° Sodium 
Lauryl Sulfate in White Ointment U. S. P. 
Microcrystalline sulfadiazine. . . 5.00 Gm. 


Sodium lauryl sulfate 
White petrolatum............. 


The diffusion of sulfadiazine from the sulfadiazine 
ointments was measured and the results are’re- 
corded. Ointments offopposite and of similar types 
of sulfadiazine are considered in the same figure 
for the purpose of comparison. 
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Fig. 4-—-Five microcrystalline sulfadiazine 
containing 1 ©) sodium lauryl sulfate in white 
ointment base versus 5 © microcrystalline sulfadi- 
azine in white ointment base, both ointments at 
room temperature: The ointment containing micro- 
crystalline sulfadiazine and 1 % sodium lauryl 
sulfate in white ointment base (6) diffused more than 
microcrystalline sulfadiazine in white ointment 
base (5) at room temperature 


Since an ointment stored for one month at 37.5° 
represents an ointment stored for a longer period of 
time at room temperature, both ointments were ex- 
amined for diffusion. 

It was found that the official hydrophilic ointment 
base separated after one month at 37.5°, but readily 
returned to its normal consistency on cooling to 
room temperature and mixing. 


DISCUSSION 


On the basis of in vitro diffusion experiments, 
Waud and Ramsay (1) and many other workers have 
suggested that the practice of incorporating water- 
soluble drugs in fatty bases or water-in-oil emulsions 
should be discontinued. Results reported here are 
in general agreement with this. However, sulfa- 
diazine with wetting agent in white ointment base is 
of some value. Huyck, Hirose, and Reyes (2) found 
that the addition of the wetting agent Aerosol O. T. 
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Fig. 5.—Five ©) microcrystalline sulfadiazine in 
hydrophilic ointment base at room temperature 
versus 5 % microcrystalline sulfadiazine in hydro- 
philic ointment base kept at 37.5° for one month: 
The ointment of microcrystalline sulfadiazine in a 
hydrophilic base (1) at room temperature diffused 
more than the ointment containing the same in- 
gredients 1 (0) kept at 37.5° for one month. 


i 


IN HOURS 

Fig. 6.—Five % sulfadiazine in hydrophilic oint- 
ment base at room temperature versus 5 % sulfa- 
diazine in hydrophilic ointment base kept at 37.5° 
fur one month: The ointment of ordinary sulfadi- 
azine in a hydrophilic base (2) at room temperature 
gave a slightly greater diffusion than the ointment 2 
(0) containing the same ingredients at 37.5° for one 
month 


increased the diffusion of sulfa drugs suspended in 
the water-in-oil emulsion-type base. 

Sarria (6) found that in greaseless creams the con- 
centration of sodium lauryl sulfate can be reduced to 
less than '/,% to get successful results. McKee, 
Sulzberger, Herman, and Baer (3) found better 
penetration was effected by aqueous solutions, par- 
ticularly when interfacial tension reducing agents 
were added. Franceschetti, Blum, and Valerio (5) 
found that it is only by combining the sulfanilamide 
with a wetting agent that it is possible, by simple 
application of a pomade, to obtain a sufficient con- 
centration of active substance in the eye for effica- 
cious therapeutic action. Alvaro (4) found that 
powdered and microcrystalline sulfonamides with 
substances which break the surface tension produce 
a greater penetration of sulfonamides through the 
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Fig. 7.—Five % microcrystalline sulfadiazine con- 
taining 1 % sodium lauryl sulfate in white oint- 
ment base at room temperature versus 
microcrystalline sulfadiazine containing 1 
sodium lauryl sulfate in white ointment base at 
37.5° for one month: The microcrystalline contain- 
ing 1°) sodium lauryl sulfate in white ointment 
base (6) at room temperature has a slightly greater 
diffusion than the one 6 (0) containing the same in- 
gredients at 37.5°. 
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1.—EXTENT OF DIFFUSION IN CENTIMETERS OF SULFADIAZINE OINTMENTS Kept aT Room 
TEMPERATURE 
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Time in Hours 
92 


24 48 72 96 168 216 240 264 336 360 
Sample Diffusion in Centimeters 
A 1.40 2.40 3.30 3.50 4.50 4.80 5.00 5.10 5.20 5.60 5.90 
1B 1.40 2.40 3.20 3.40 4.40 4.80 4.80 4.90 5.00 5.50 5.70 
Av. 1.40 2.40 3.25 3.45 4.45 4.80 4.90 5.00 5.10 5.55 5.80 
A 1.20 2.00 2.80 3.00 4.00 4.30 4.40 4.45 4.7 5.10 5.25 
2 B 1.15 1.95 2.70 2.90 3.80 4.20 4.30 4.40 4.65 5.00 5 15 
Av. 1.17 1.97 2.75 2.95 3.90 4.25 4.35 4.42 4.67 5.05 5.20 
A 0 0 0 0 0 0 0 0 0 0 0 
3 B 0 0 0 0 0 0 0 0 0 0 0 
Av. 0 0 0 0 0 0 0 0 0 0 0 
A 0 0 0 0 0 0 0 0 0 0 0 
+ B 0 0 0 0 0 0 0 0 0 0 0 
Av. 0 0 0 0 0 0 0 0 0 0 0 
A 0 0 0 0 0 0 0 0 0 0 0 
§ B 0 0 0 0 0 0 0 0 0 0 0 
Av. 0 0 0 0 0 0 0 0 0 0 0 
A 0 0.10 0.15 0.20 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
6 B 0 0.00 0.05 0.10 0.20 0.20 0.25 0.30 0.30 0.30 0.30 
Av. 0 0.05 0.10 0.15 0.25 0.25 0.28 0.30 0.30 0.30 0.30 


Taste II. 


EXTENT OF DIFFUSION IN CENTIMETERS OF SULFADIAZINE OINTMENTS Kept aT 37.5° 
FOR ONE MONTH 


———_———Time in Hours 
92 


is 72 168 216 240 264 336 360 
Sample Diffusion in Centimeters 

A 1.30 2.00 2.40 2.70 4.10 4.40 4.60 4.80 5.00 5.30 5.40 

1(0) B”) 1.30 1.90 2.30 2.50 4.00 4.30 4.40 4.60 4.80 5.10 5.20 

Av. 1.30 1.95 2.35 2.60 4.05 4.35 4.50 4.70 4.90 5.20 5.30 

A 1.20 1.80 2.20 2.40 3.90 4.20 4.40 4.60 4.80 5.10 5.20 

2(0) BB” 1.10 1.70 2.10 2.30 3.70 4.00 4.20 4.50 4.60 4.90 5.00 

Av. 1.15 1.75 2.15 2.35 3.80 4.10 4.30 4.55 4.70 5.00 5.10 
A 0 0 0 0 0 0 0 0 0 0 0 
3(0) B 0 0 0 0 0 0 0 0 0 0 0 
Avy. 0 0 0 0 0 0 0 0 0 0 0 
A 0O 0 0 0 0 0 0 0 0 0 0 
4(0) B 0 0 0 i) 0 0 0 0 0 0 0 
Av. 0 0 0 0 0 0 0 0 0 0 0 
A 0 0 0 0 0 0 0 0 0 0 0 
5(0) B O 0 0 0 0 0 0 0 0 0 0 
Av. 0 0 0 0 0 0 0 0 0 0 0 
A 0 0 0 0 0 0 0 0 0 0 0 
6(0) B O 0 0 0 0 0 0 0 0 0 0 
Av. 0 0 0 0 0 0 0 0 0 0 0 


cornea than without the surface tension lowering 
substances. The results reported here show that 
microcrystalline sulfadiazine with sodium lauryl 
sulfate in hydrophilic base diffused readily. Micro- 
crystalline sulfadiazine in white ointment base with 
sodium lauryl sulfate diffused slightly right after 
preparation, but did not diffuse after one month at 
37.5°: A possible explanation is that small particles 
coalesce to form large particles on storage. Good 
clinical results were obtained in treating infections of 
the cornea when microcrystalline sulfonamides were 
incorporated in hydrophilic ointments. 


SUMMARY AND CONCLUSIONS 


1. Microcrystalline sulfadiazine was liberated 
faster and in greater amounts than ordinary pow- 
dered sulfonamides from hydrophilic bases. 

2. The addition of the wetting agent, sodium 
lauryl! sulfate, to white ointment base containing 


5 per cent microcrystalline sulfadiazine caused 
the drug to diffuse slightly from the base. 

3. Microcrystalline sulfadiazine gave greater 
diffusion than ordinary sulfadiazine from hydro- 
philic ointment-type base at both room temper- 
ature and 37.5°. 

4. Sulfadiazine in white ointment bases con 
taining sodium lauryl sulfate stored for one 
month at 37.5° showed no diffusion. 
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A Comparison of the Absorption of Radioactive So- 
dium Iodide from Lard, Wool Fat and Petrolatum* 


By GILMAN N. CYR}, papers SKAUEN}, JOHN E. CHRISTIAN, and 
LEE 


The results of a study of the comparative ab- 

sorption of radioactive sodium iodide from 

lard, wool fat, and petrolatum are reported. 

The results indicated that absorption of this 

salt was greater from white petrolatum than 

from either wool fat or lard. The white rat 
was used as the test animal. 


A: FAR back as the nineteenth century, there 

have appeared in the medical and pharma- 
ceutical literature numerous articles reporting 
investigations on the determination of the absorp 
tion of substances through the skin and into the 
body. These experiments were conducted some- 
times on animals and sometimes on humans, and 
the results leave little doubt that some substances 
can be made to pass through the skin in amounts 
that can be measured or that can produce sys- 
temic effects. However, there still exists con- 
siderable controversy concerning the absorption 
of some medicaments from ointment bases. 

The literature reveals many methods of testing 
the penetration of medicinals through the skin. 
Lehmann (1) applied ointments containing potas- 
sium iodide to the shaven skin of puppies and was 
able to detect potassium iodide in their urine. 
In a similar manner ointments containing potas- 
sium iodide were applied to horses, dogs, sheep, 
and rabbits, and absorption was also demon- 
strated (2). Other workers (3) showed that there 
was a rise in blood iodine after humans were 
bathed in potassium iodide solutions. 

Alkaloids have been used to prove that absorp- 
tion occurs from certain bases. An ointment 
containing 2.0 Gm. of strychnine hydrochloride in 
8 Gm. of lard applied to the shaven skin of a dog 
resulted in its death within ten minutes (4). 

Vitamins also have been used as test materials 
for measuring absorption on both humans and 
lower animals. Kasahara and Kawashima (5), 
rubbed 1 Gm. of an ointment containing 0.3 Gm. 
of ascorbic acid into the breasts of four nursing 
mothers for twenty minutes. After one hour the 
ascorbic acid content of the milk showed an 
average gain of 1.6 mg. %, and after two to three 
hours returned to normal. Bruger and Flexner 
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(6), showed that insulin was absorbed from 
freshly shaven skin, but not from skin that was 
allowed to heal for five to seven days after shav- 
ing. 

An interesting approach to the problem of 
absorption of ointment bases themselves was pre- 
sented by Czetsch-Lindenwald in 1943 (7). 
After the application of hydrogenated lard con- 
taining 33.6 mg. % of heavy hydrogen, deuterium 
oxide could not be demonstrated in the products 
of combustion of the body fat. Thus absorption 
could not be proved, and he suggested that the 
process be called penetration rather than absorp- 
tion. 

In cases where absorption of some substances 
could not be proved, it is possible that if more 
delicate methods of detection had been available, 
analysis of the blood or urine for these substances 
might have revealed some degree of absorption. 
Further, some substances, the absorption of 
which has been tested, are normally present in the 
body. Where their absorption was reported as a 
result of an increase in the content of the sub- 
stance in the blood or urine, such an increase may 
not have been statistically significant. 

A New Technique to Test Absorption.— 
Many radioactive isotopes can be used effectively 
for labeling and tracing the stable, nonradioactive 
isotopes. Biological processes are not able to 
differentiate between the common, stable isotopes 
and those that are radioactive. Radioactive iso- 
topes can be detected at very much lower concen- 
trations than the common, stable ones. Using a 
labeled compound, minute traces of it which have 
been absorbed can be detected even though the 
stable compound is normally present in the body. 

Using sodium iodide labeled with iodine 131, 
a few bases were tested for their efficiency in per- 
mitting the absorption of the iodide ion through 
the skin of rats. This represents a new tech- 
nique for testing skin absorption of various sub- 
stances. 


EXPERIMENTAL 


Standardization of Labeled Sodium Iodide.—The 
sodium iodide was obtained from Oak Ridge as a 
solution of Nal'*' in sodium bisulfite solution, pH 
8.0. One-tenth of 1 cc. of this solution was diluted 
to 100 cc., and 1 ce. of this dilution made up to 100 
ce. with 10% NaOH solution. Three portions of 
0.1 cc. each of this final dilution were dried on three 
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separate strips of ilter paper cut to '/2- by 2'/2-inch 
dimensions and attached to a small gummed label 
for handling and identifying the strip. When dry, 
each strip was backed with Scotch tape and covered 
with a strip of cellophane to seal the filter strip. 
Each strip was placed underneath and parallel to a 
cylindrical Geiger-Miiller counter tube (Eck and 
Krebs type). An aluminum plate in the counter 
tube holder held the strip close to and at a definite 
distance from the counter tube. Each strip was 
counted for ten minutes, the background was then 
subtracted, and the counts divided by 10 to give the 
counts per minute (CPM). The CPM for each 
strip were averaged. By multiplying the average 
activity by the proper dilution factor, the CPM per 
cc. of stock solution of Nal'*! were determined. A 
correction for decay gave the approximate activity 
in CPM for the solution at any time desired. 

Preparation of the Ointments.—The ointments 
used in these experiments were composed of 


10 mg. 
Approx. 10,000,000 


This ointment was applied to each animal used in 
the tests. Since ten animals were usually tested 
with each base, enough ointment plus a convenient 
excess was made with each base. If the base did 
not contain water, a small portion (50 to 100 mg.) 
of the base was spread evenly over the concave sur- 
face of a 2-inch watch glass. To this was added the 
required quantity of dry, crystalline sodium iodide 
and the stock solution of labeled sodium iodide. 
The contents of the watch glass were evaporated to 
dryness in an oven at 100°. When dry, the material 
in the watch glass was transferred with a small spat- 
ula to a small glass plate. Considering the quan- 
tity (if any) of base already used to grease the watch 
glass, enough base was weighed on a small piece of 
parchment weighing paper to make the proper 
amount of ointment. The watch glass was “‘rinsed”’ 
with a portion of the base by introducing some of the 
base onto the glass and spreading it with the spat- 
ula. These “rinsings’’ were also transferred to 
the glass plate. The “rinsing’’ process was re- 
peated twice to insure as complete a removal of the 
dry material as possible. When bases containing 
water were used, the isotope solution and the sodium 
iodide were evaporated to dryness in the watch glass 
without preliminary greasing. When dry, the 
material was transferred to the glass plate and the 
watch glass “‘rinsed”’ as described above. 

The evaporated material was levigated thoroughly 
on the plate with some of the base. The remainder 
of the base was added by geometric progression, and 
mixed thoroughly after each addition. 

Standardization of the Ointment.— Approximately 
10 mg. of the ointment were accurately weighed on a 
small piece of parchment weighing paper and intro- 
duced on the paper into a 100-cc. volumetric flask. 
This portion of the ointment was dissolved in a suit- 
able solvent. For example, for the ointment made 
from lard, about 50 cc. of chloroform was added to 
the flask to dissolve the lard. The solution was 
brought up to volume with alcohol which served to 
dissolve the sodium iodide. The result was a clear 
solution of all components. 


! The weight of this material is negligible. 
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One-tenth of 1 cc. of 10% NaOH solution was 
deposited on each of three filter strips and allowed to 
dry. When dry, 0.1 cc. of the ointment solution 
just prepared was dried on each of these strips. 
When the strips were dry, they were sealed as ex- 
plained above. The strips were counted, and the 
counts averaged and converted to the equivalent of 
10 mg. of ointment. As seen from the dilution 
pattern, when this count in CPM was multiplied by 
10,000, the figure obtained was the CPM applied to 
each animal in 100 mg. of ointment. 

Preparation of the Animals.—White rats of both 
sexes and weighing between 130 to 300 Gm. were 
anesthetized with 4 mg. of pentobarbital sodium per 
100 Gm. of body weight. The solution used con- 
tained 10 mg. of the drug per cc. of distilled water 
and was injected intraperitoneally. When the 
animal was anesthetized, it was placed with its 
chest over a cylinder 1'/; inches in diameter. This 
was to round out the animal's back and facilitate the 
application of the ointment and cover. 

The area selected for application was situated on 
the animal's back about 1 inch away from the neck 
and a little behind the shoulders. The hair was 
clipped in the shape of an arc directly in back of the 
area. The tails of the arc pointed anteriorly. This 
clipped, curved line was filled with DuPont DUCO 
cement. A metal disk of 7/, inch diameter was 
placed inside the arc and about '/, inch away from 
the are. A ring of cement was made about !/, inch 
around the metal disk. When the cement had dried 
and the disk was removed, the result was a well- 
defined area 1 inch in diameter. 

Application of the Ointment.— Portions of exactly 
100 mg. of the ointment were weighed on squares of 
parchment weighing paper measuring 2 inches on 
each side. Each paper had a circle of 1 inch 
diameter delineated in its center in which the oint- 
ment was placed. The paper was cut around the 
delineated area and placed ointment-face-down in 
the area prepared on the animal. The paper was 
pressed down with a blunt object to spread the oint- 
ment over the area without rubbing. 

Covering the Area.—Another ring of cement was 
placed about '/, inch away from the ring already 
placed on the animal’s back. Another ring of ce- 
ment of approximately equal diameter was applied 
toa piece of thin rubber sheeting measuring at least 2 
inches on each side. This rubber sheeting was made 
of pure latex and was of the kind generally used by 
dentists for making rubber dams. This rubber 
sheet was placed cemented-face-down over the oint- 
ment area and pressed on the cemented portions 
with the fingers to seal it well to the animal's back. 
When the cement was dry and the rubber was appar- 
ently sealed to the animal's back, the excess rubber 
at the corners and sides was cut away. 

The Animal Storage Cage.—The cage was im- 
provised from a 4-liter beaker as follows. A circular 
piece of wire screen of the inner diameter of the 
beaker, was suspended from the rim of the beaker 
such that it hung about 2 or 3 inches from the bot- 
tom of the beaker. Urine and droppings fell through 
the screen and were collected on wood shavings on 
the bottom of the beaker. Food was available from 
a cup having a small opening at the top and resting 
on the wire screen. Water was available from a 
bottle suspended from above. A wire screen was 
placed over the top of the beaker and weighted down. 
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After each experiment, the shavings were discarded 
and all parts of the cage were scrubbed thoroughly to 
remove all contamination. 

Sacrificing the Animal and Removing Samples.— 
The animal was sacrificed and tied down on its back 
toa board. The neck region was opened ventrally 
and the trachea was exposed. To ensure entire 
removal of the thyroid, a section of the trachea from 
the larynx down to the fourth tracheal ring was cut. 
This section, to which the thyroid was attached, was 
placed in a vial containing 1 cc. of 10% NaOH solu- 
tion. The vial was stoppered tightly and allowed to 
stand at room temperature for twenty-four hours to 
dissolve the thyroid material. One-tenth of 1 cc 
of this solution was evaporated and dried on a filter 
strip and the filter strip treated as described above 

Control Samples.—-One anima! was treated ex. 
actly as the test animals in each experiment, except 
that no ointment was applied. Counting the thy 
roid samples of these control animals served as a 
check on the presence or absence of contamination 
during the process. In every instance, the activity 
of the thyroid samples of the control animals was 
not significantly higher than the background. 

Treatment of Results.—In order to eliminate 
corrections for decay, for the resolution and efficiency 
of the counter tube and circuit, and for other possible 
counting errors, the ointment standard filter strips 
and the thyroid sample filter strips were counted at 
the same time. The activity found in the entire 
thyroid gland was expressed in terms of percentage 
of the total amount of iodide applied to the skin. 
These calculations were made by means of the 
following formula: 
rx <x 100 = % of amount of applied 

iodide found in entire thyroid 
gland, 


S X 10, 


in which 


T = CPM of thyroid sample 
S = CPM of corrected ointment standard sample 
The factors 10 and 10,000 are dilution factors 


Determination of Maximum Absorption Time.— 
This experiment was designed to determine how long 
the ointments should remain on the skin to permit 
maximum absorption of the iodide ion. Forty rats 
were treated with radioactive sodium iodide in lard 
in the usual manner and placed in cages. At the 
end of ten hours, ten rats were sacrificed, the thy- 
roids processed, counts taken, and the results tab- 
ulated. At the end of twenty, thirty, and forty 
hours, the process was repeated, results averaged 
and compared as indicated in Table I. This com- 
parison showed that the maximum amount of ab- 
sorption had taken place after about thirty hours. 
All ointments were, therefore, allowed to remain in 
contact with the animal's skin for thirty hours and 
the animals sacrificed. 

Application of Technique and Results Obtained.— 
Using the method described above, ointments of 
labeled sodium iodide were made in lard, wool fat, 
and white petrolatum. Groups of about ten rats 
each were treated with each ointment. In all cases, 
the rats were sacrificed thirty hours after application 
of the ointment. The thyroids were removed and 
treated as explained above. Using the formula 
given, the per cent of applied iodide present in the en- 
tire thyroid was determined. For each group of rats 
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TaBLE 1.—AVERAGES OF THE CENT OF THE 
AMOUNT OF APPLIED IopIDE FOUND IN THE THYROID 
GLAND FOR Groups OF Rats TREATED FOR VARY- 
ING Periops OF TIME WITH A 10° OINTMENT OF 
LABELED SopruM IopripE IN LARD 


Amount of 
Applied Iodide 
Found in 
Thyroid of Estimated 
of Appli- Rats in Standard 
cation Group, Error of 
(Hours) Mean % the Mean 
10 0.0160 0.0025 
20 0.0303 0.0044 
30 0.0417 0.0069 
40 0.0348 0.0050 


Duration 


treated, the average percentage of the amount of 
applied iodide found in the thyroid gland was calcu- 
lated. The standard error of this mean was also 
calculated. The results obtained (Table I1), show 
that while the three bases may be different in their 
efficiency for permitting the absorption of the iodide 
ion, the differences by this method do not appear to 
be very great. 


TABLE II.—-AVERAGES OF THE Per CENT OF THE 
AMOUNT OF APPLIED IopIDE FOUND IN THE THYROID 
GLAND FoR Groups OF Rats TREATED FOR THIRTY 
Hours 10° OrnTMENTS OF LABELED SopruM 
lopripE Larp, Fat, AND WHITE 
PETROLATUM 


Amount of 
— Iodide 
‘ound in 

Thyroid in Estimated 
Rats in Standard 
Group, Error of 
Mean % the Mean 


Number 

of Rats 

Base Treated 
White petro- 

10 0.0451 

10 0.0406 


9 0.0369 


0.0032 
0.0034 
0.0031 


SUMMARY AND CONCLUSIONS 


1. The advantages of using radioactive iso- 
topes as tracers in testing the absorption of sub- 
stances through the skin has been demonstrated. 

2. A technique has been developed for 
measuring the absorption of the iodide ion from 
ointment bases by tracer methods. The method 
developed applies to absorption through the skin 
of albino rats but the conclusions do not neces- 
sarily indicate that similar results would occur 
with the human skin. 

3. The amount of radioactive sodium iodide 
which passes through the skin and which was 
absorbed by the thyroid gland was small. The 
highest penetration amounted to approximately 
0.05 per cent of the amount applied. 

4. Maximum absorption of the radioactive 
sodium iodide from lard took place in about 
thirty hours under the experimental conditions of 
this study. Its absorption from white petro- 
latum was greater than from either wool fat or 
lard. 


|| 

Number 
of 

Animals 
Group in 

Number Group 
1 10 
2 9 
3 9 
4 10 

Lard 
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A Study of the Absorption of Radioactive Sodium 
Iodide from a Variety of Ointment Bases* 


By DONALD M. SKAUEN,} GILMAN N. CYR,} JOHN E. CHRISTIAN, and C. O. LEE. 


A summary is presented of the results of a 
study of the absorption of radioactive sodium 
iodide from 37 ointment bases of varying 
composition. Absorption from half of the 
bases was equally as good as from lard. The 
other half of the bases proved to be less 
efficient than lard from the point of view of 
absorption. The salt was most efficiently 
absor from wool fat. The white rat was 
used as the test animal. 


I A PRECEDING paper (1), a method was pre- 

sented for determining the absorption of the 
iodide ion through the skin of rats. The relative 
efficiency of lard, wool fat, and petrolatum in 
permitting the absorption of the iodide ion was 
determined. 

This study was continued with two purposes in 
mind: 

1. Todetermine to what extent the technique 
was applicable to other types of bases. 

2. To determine the relative efficiency of 
other bases in permitting the absorption of the 
iodide ion. 


EXPERIMENTAL 


Ointments of labeled sodium iodide in lard were 
applied to seven groups of 9 or 10 rats each. Each 
group was treated at a different time. For all the 
groups treated, the animals were sacrificed thirty 
hours after application of the ointment and the thy- 
roids removed and treated as previously explained 
(1). The results in Table I show that the mean and 
its standard error varied from group to group. A 
statistical test of homogeneity of variance and an 
analysis of variance showed that the ‘‘date’’ had no 
effect on the mean or on its variability. Thus these 
variations are probably inherent in the process of 
absorption. The accuracy of the method of 
measurement was checked by measuring and count- 

* Received April 30, 1949, from the Research Laboratories, 
Purdue University, School of Pharmacy, Lafayette, Ind 
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ing duplicate samples. Variations obtained here 
were too small to have any effect on the results 

In order that the standard would be more valu- 
able, the figures obtained from all the rats treated for 
thirty hours with the lard ointments were pooled. 
The mean % of applied iodide found in the thyroid 
glands of all the animals was calculated and used asa 
standard with which to compare the other bases. 

Using the technique previously described (1), 
groups of about 10 rats each were treated with the 
following ointment: 


90 mg. 


A different base was applied to each group of 
animals. The mean % of the amount of applied 
iodide found in the thyroid glands of the animals in 
each group was calculated. These figures are 
shown in Table II. The bases are entered in the 
table in the order of decreasing efficiency. 


DISCUSSION 


In Table II it may be seen that for some bases the 
standard error of the mean is rather large in relation 
to the mean. This indicates greater variability in 
the mean and perhaps a less reliable mean. The 
reason for this can be attributed, perhaps, to the fact 
that the hair on the animals was not removed prior 
to application of the ointments. Some bases may 
not have been able to penetrate through the hair and 
to the skin in order for the labeled iodide to be 


TABLE I.—AVERAGES OF THE PER CENT OF THE 

AMOUNT OF lopIpDE FouUND IN THE THYROID GLAND 

For Groups or Rats TREATED FOR 30 Hours WITH 

A 10% OINTMENT OF LABELED Soprum IopIDE IN 
LARD 


Amount of 
Iodide Found 
No. of in Thyroid of Standard 
Animals Rats in Group, Error of 
in Group Mean Mean 
9 0423 0.0050 
10 0448 0.0063 
10 0363 0.0045 
9 0369 0.0031 
Q 0407 0.0058 
10 O414 0.0038 
10 0.0034 


Estimated 


Group 
Number 


' The weight of this material is negligible. 


Ls 
Base... 
} 
4 
4 
‘ 
4 
1 
2 
3 
4 
= 5 
6 
7 
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AVERAGES OF THE AMOUNT OF lopIDE FouND IN THE THYROID GLAND FoR GRoupPS OF RATS 


TREATED FOR THIRTY Hours with 10% OrntMents oF LABELED lopIDE IN ARIOUS Bases 


No. of 


Animals 
Treated 


Base 
Hydrous Wool Fat, U. 
White Petrolatum, U. 
Aquaphor with 50% water 
Anhydrous — Fat, U. 
Petrolatum, U. S. P. 
White Ointment, U. S. P. 
Hydrophylic Ointment, U. S. P. 
Sorg-Jones Base, 25% water (2) 
Sulfated Hydrogenated Castor Oil 
(Lard Standard) 
Aquaphor with 25% water 
Purdue Hydrophylic Ointment® 
Aquaphor 
Aquaphor with 10% water 
Antiperspirant Cream* 
Cleansing Cream (3) 
Yellow Ointment, U.S. P. 
Rose Water Ointment, U. S. P. 
Sorg-Jones Base (2) 
Carbowax 1500 
Hydrophylic Petrolatum 
Soluble Ointment Base, R. B. III 
Ointment of Wool Alcohols, B. P. 
White Petrolatum with 10% talc. 
Hydrous Ointment B. P 
Hydrogenated Oil? 
C. H. Base* 
Solid Petroxolin, N. F. 
Sodium Alginate 5% 
White Petrolatum with 10% Starch 
Pectin Paste, N. F. 
Protective Cream (4) 
Glycerite of Starch, U.S. P. 
Soluble Ointment Base, R. B. III 
with 10% Bentonite added 

Wax Ointment, R. B. IIT 
Bentonite Gelatin 20% 

36. Zine Oxide Paste, N. F. 

: Methyl Cellulose 1500, CP,10% 


10 


= 


~ Applied Iodide 
Found in 
Thyroid of Rats 
for the Group, 
Mean “% 
0499 
0451 
0415 
0406 
0402 
0396 
0396 
0392 
O384 
0382 
0366 
0348 
0345 
0339 
0330 
0327 
0326 
0322 
0320 
0311 
0295 
0294 
0293 
0278 
0269 
0256 


Estimated 
Standard 
Error of 
Mean 
0.0047 
0.0032 
0.0045 
0.0034 

0. 

0.0053 
0.0030 
0.0070 
0.0032 
0.0017 
0.0051 
0.0047 
0.0044 


Significance 
Ratio® 


2.34 


2 
w 


0.0044 


0.0026 
0.00008 
0.00014 
0. 00005 


® The figures in this column are obtained by dividing the difference between the mean for the base and lard by the standard 


error of that difference 
b 
© Veto, Colgate-Palmolive-Peet Co. 
4 Dexo, The Great Atlantic and Pacific Tea Co 


¢ This base consists of white petrolatum 9 Gm., paraffin 4 Gm 


glycerin 4 ce., and distilled water 55 cc. 


available to the skin. The technique is probably 
lacking in that it has been impossible to obtain an 
intact hairless skin area up to now. The method, 
therefore, cannot be used in testing all types of 
bases. 


SUMMARY AND CONCLUSIONS 


1. The averages of the per cent of applied 
iodide found in the thyroid gland for groups of 
rats treated for thirty hours with ointments of 10 
per cent labeled iodide in various bases are given. 

2. With respect to the relative efficiency of 
these bases in permitting the absorption of the 
iodide ion through the skin of rats and on the 
basis of a significance ratio of 1.96. 

(a) Hydrous wool fat appears to be more 
efficient than lard; (6) Bases 2 through 19 in 
Table II appear to be as equally efficient as lard; 


A significance ratio of greater than 1.96 was chosen to indicate a significant difference in the means 
Base consists of stearyl alcohol 14 Gm., white petrolatum 20 Gm, glycerin 15 cc., Duponal C 1 Gm., and distilled water 50 cc. 


, liquid petrolatum 12 ce., glyceryl monostearate 16 Gm., 


(c) Bases 20 through 38 in Table II appear to be 
less efficient than lard. 

3. A difference in the type of emulsion, 0/w 
or w/o, does not seem to have an appreciable 
effect upon the absorption of the iodide ion from 
emulsion bases. Such bases seem to permit 
absorption to a varying degree even though they 
may be of the same type. 

4. To determine more accurately the relative 
efficiency of some bases the method employed 
here probably would require some modification. 
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10 | 
10 
10 
9 
9 
10 
9 
9 
66 
9 
10 
9 
10 0.0039 
8 0.0039 
10 0.0028 
10 0.0024 
9 0.0034 
9 0.0042 
10 0.0033 
10 0.0039 
8 0.0036 
0.0028 75 ; 
0.0027 22 
0.0030 26 
0.0033 40 
0.0231 0.0026 85 
0.0199 0.0059 00 
0.0179 0.0061 22 
0.0161 0.0055 87 . 
0.0137 0.0064 70 
| 0.0122 0.0043 59 
0.0112 0.0038 52 
0.0088 23 
0.0079 81 
0.0012 77 
0.0004 23 
0.00006 22.41 


A Note on Brucealin, the Active Principle of 
Ya-tan-tzu, a Chinese Antiamebic Drug* 


By CHEN-YU SUNGt 


A-TAN-TzU, or the seed of Brucea javanic Merr., 
has been reported to be effective for the treat- 
ment of amebic dysentery (1-3). Many attempts 
have been made to isolate the active principle. Liu, 
Chang, and Chuan (4) reported the isolation of a 
white base, yatanine, as the active principle of ya- 
tan-teu. We have applied their method of isolation 
but failed to obtain the compound they described. 
Lan (5) reported the isolation of several crystalline 
substances from ya-tan-tcu. Uno Haiki (6) ob- 
tained a bitter crystalline substance melting at 210° 
and a yellow powder having glycosidal properties 
from ya-tan-tcu without describing their amebacidal 
actions. 

The purpose of this paper is to report the isola- 
tion of brucealin (so named in this laboratory), a 
white amorphous powder having glycosidal proper- 
ties. Our method of isolation and purification is 
different from that of Uno Haiki and apparently our 
product is also purer. Its physical and chemical 
characteristics and its amebacidal activity in vitro 
are described. 


IXPERIMENTAL 


Material.—Our material was obtained from the 
T'ientsin market. It had been kept for several 
years in the drugstore. The shells were removed 
from the seed and only the kernels were used. 

Removal of Oil..-The kernels contained more 
than 53°; of oil which was partly removed by press- 
ing and partly by extraction with petroleum ether 
Carbon bisulfide may also be used. 

Isolation and Purification of Glycoside.—Forty 
grams of the oil-free powder of ya-tan-tsu were ex- 
tracted with 96°, of alcohol in a Soxhlet extractor 
A thick viscous fluid was obtained after the removal 
of alcohol by evaporation. The fluid was treated 
with 100 cc. of boiling water and filtered. The fil- 
trate was washed with chloroform several times 
until the chloroform was no longer colored. The 
aqueous solution was treated with charcoal until it 
was only slightly colored. A dilute solution of lead 
acetate was added slowly until no more precipitate 
was formed. The solution was filtered, the excess 
lead was removed by H,S. The faint yellow solu- 
tion was evaporated under reduced pressure to 
nearly dryness. The yellow residue was kept in a 

* Received April 15, 1949, from the College of Medicine, 
National Peking University, Peiping, China 

+ Now in the Department of Pharmacology, George 
Washington University School of Medicine, Washington, D. C*# 


desiccator over calcium chloride until it was com- 
pletely dried. The crude product weighed 9 Gm. 

Five grams of the powdered substance was dis- 
solved in 10 cc. of methyl alcohol, warmed with char- 
coal, and filtered. A white amorphous powder was 
obtained by diluting the solution with two volumes 
of acetone. This process was repeated several 
times until a completely white powder was obtained. 
The product weighed 0.5 Gm. 

Physical and Chemical Characteristics. —Brucea- 
lin is a white, amorphous hygroscopic powder with 
a molecular weight of about 332 (Beckmann’s 
freezing-point method). It swells at 101° and de- 
composes at 140°. It is soluble in water, methyl 
alcohol, and hot ethyl alcohol, less soluble in cold 
alcohol and sparingly soluble in acetone, benzene, 
ether, chloroform, and most other organic solvents. 
Its aqueous solution is neutral to litmus and very 
bitter to the taste. It decolorizes dilute potassium 
permanganate solution and bromine water but not 
bromine in carbon tetrachloride. Brucealin does not 
reduce Fehling’s solution, but after being boiled for 
a few minutes with a drop of hydrochloric acid solu- 
tion it reduces readily. Its aqueous solution is op- 
tically active. The specific rotation, [a}}f, is about 
—39.7°. 

Amebacidal Activity.—A study of the amebacidal 
activity of Brucealin before purification through 
methyl alcohol and acetone was made by Dr. T. K. 
Chuan of the Department of Pharmacology of this 
college. Brucealin was active in vitro against E. 
histolytica in a dilution of 1:30000. The purified 
glycoside was tested for amebacidal activity in 
vitro against E. histolytica in Hansen's egg infusion 
medium by Dr. E. W. Dennis of the Sterling-Win- 
throp Research Institute. The order of activity 
was found to be somewhat less than that of emetine, 
but there was a distinct reduction in number of amoe- 
bae when the compound was tested at the dilution 
1: 50000. 


SUMMARY 


An amorphous glycosidal substance has been iso- 
lated from ya-tan-teu. Its chemical and physical 
characteristics are described. It is active as an 
amebacide in vitro. 


REFERENCES 


(1) Power, F. B., and Lees, F. H., Pharm. J., 6, 183(1903). 
(2) Liu, H. L., Chinese Med. J., $2, 89(1937). 
(3) Liu, H. L., ébid., 59, 263(1941) 
(4) Liu, S. K., Chang, ¥. T., and Chuan, Thomas T. K., 
29(1941) 
an, T. H., J. Chinese Chem. Soc., 7, 144 (1940). 
(6) Uno Haiki, J. Japanese Pharm. Soc., 63, 579(1943). 


620 


Note 
| 
J 


Book Reviews 


Laboratory Manual for Principles and Processes of 
Pharmacy. By Henry M. Burace, 
B. Burt, and L. Wart Ristnc. McGraw-Hill Book 
Co., New York. 2nd ed., 1949. xvii + 271 pp. 
19x 28cm. Price $3. 

This is the usual laboratory manual designed to 
be used in pharmacy courses in ‘‘principles and pro- 
cesses.’’ The first half of the book is a set of direc- 
tions and the remainder consists of tear sheets to be 
filled in by the student, concerning the operation in 
question. 

In general, the reviewer believes that this manual 
represents the approach desired by those who use the 
textbook this manual is designed to accompany. 
The classical content of such courses will be found 
here. There are certain weaknesses, however. 
For example, the pharmaceutical literature of recent 
years is filled with evidence that prescription toler- 
ances found in many pharmacies are far too broad. 
Many people believe that a portion of the blame for 
this state of affairs resides in the colleges. Unless 
the exercises on weighing and measuring in this 
book are greatly supplemented by the instructor, 
the critics may have justification for their beliefs. 

Many will question the section on osmotically 
balanced solutions for oversimplification. Although 
the authors are not as exact in their methods as a 
physical chemist would prefer them to be, the re- 
viewer believes that, relative to the biological signifi- 
cance of these solutions, such simplification is 
desirable. It is unfortunate, however, that the 
authors use —0.80° as the factor for the freezing 
point of tears, since there is such mounting evidence 
that, osmotically, tears are substantially equivalent 
to plasma. 


Dentistry in Public Health, By WALTER J. PEL1ON 


and Jacop M. WISAN. 

Philadelphia, 1949. 

Price $5.50. 

Although public health dentistry has not grown 
very rapidly during the past decades, today it must 
be recognized that it has arrived. Since dental dis- 
ease is one of the most widespread of all diseases, it 
is fitting that something should be done on a com- 
munity basis. 

Since the field of dental health cuts across so 
many health fields, each chapter of this book was 
written by someone well qualified to develop its 
subject matter. 

The first few chapters of the book deal with back- 
ground and delineation of the problem. This is 
followed by chapters on the tools for attacking the 
problem and, lastly, application of the tools. 

The book was written with the full cooperation of 
the American Public Health Association, and the 
Executive Secretary of this organization wrote the 
foreword. The book is intended as a text for 
students of dentistry. 


W. B. Saunders Co., 
xi + 363 pp. 15 x 23 cm. 


Development Schedule of New Drug Products. By 
Paut pE Romaine Pierson Publishers, 
Inc., New York, 1949. iv + 121 pp. + extra 
charts. 18x 25.5cm. Price $15. 

Product development is a highly complex form of 
research today, and forms the backbone of any 
industry—especially the drug industry. 

Product development is not merely a function of 
the research department as the more academic mind 
is inclined to believe, but it is a process in which 
research, control, production, sales, advertising, and 
the medical departments all must play a role. Be- 
cause so many have a stake in product development, 
the whole procedure must be well integrated and 
each participant must be aware of the need for good 
timing. 

This book has been written to aid in bringing 
about such integration and timing. This is accom- 
plished by the ingenious use of flow charts and work 
sheets to enable each department to keep track of 
its position and to guide the director of product 
development and/or the product development com- 
mittee in keeping track of the over-all progress. 
Additional work sheets may be purchased from the 
publisher at $7.50 for a lot of 5 complete sets. 

Since there is considerable variation in plan of 
organizatien from one company to another, the 
plans outlined here may have to be modified for 
specific conditions. Naturally the mere following 
of such a scheme cannot guarantee a “‘miracle”’ 
product, but certainly such a systematic scheme 
tends to promote efficiency. 

Many people in the drug field will find this to be 
an interesting and stimulating book. 


Drug Plants of Africa. By Tuomas S. GITHENS. 
University of Pennsylvania Press, Philadelphia, 
1948. vii + 125 pp. 13x22cm. Paper bound. 
Price $2.25. 

This booklet is a collation of information and 
facts, which the author discloses are misinformative, 
concerning African plants used in empirical medicine. 
The author has evidently sifted a great deal of data 
in the preparation of this handbook and he is to be 
congratulated on the care he has given the compila- 
tion. 

Much of the data presented in this booklet are in 
convenient tables. 

Table I is a table of exports from Africa. Unfor- 
tunately too much of the data is very old, some of it 
covering the 19th century. Tables II and III deal 
with imports from Africa into the United States and 
England. An unnumbered table of synonyms fol- 
lows. A series of tables covering several pages gives 
the African drugs in terms of alleged medical proper- 
ties and other tables give the plant name, geo- 
graphic region, plant part, ‘‘active”’ principle, and use. 
Nearly three pages of selected bibliography close the 
book. This is No. 8 in a series of African handbooks. 
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A Textbook of Colloidal Chemistry. By Harry 
B. Weiser. John Wiley and Sons, Inc., New 
Vork, 2nd ed., 1949. x + 444 pp. 15x 23 cm. 
Price $5.50. 


Anyone wishing to learn the basic principles of 
colloidal behavior and to gain some insight into the 
practical application of colloid chemistry in the 
industrial arts, agriculture, and biology will find 
this book useful. 

Many of the classical experiments of the founding 
fathers of colloid chemistry—Graham, Wo. Ostwald, 
Freundlich, Einstein, Svedberg, Hardy, Donnan, 
Perrin, Langmuir, Gortner, and Bancroft—are pre- 
sented in an interesting fashion. To show the 
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student that modern scholars are still contributing 
to this useful science, the work of such contemporar- 
ies as Florey, McBain, Debye, Mark, Hauser, and 
others has been incorporated. 

Those familiar with Freundlich’s Aapillarchemie 
will find in this work the book Freundlich himself 
would probably have written if he were writing a 
modern textbook. The examples are chosen with 
care, the explanations are clear, and the right 
amount of mathematics has been used. The refer- 
ences at the end of each chapter were evidently 
selected with care. 

The applied area has been treated somewhat 
cursorily, but there are many books available on 
application. 


1950 Iodine Research Award Nominations Requested 


Nominations are now being received by 
the AMERICAN PHARMACEUTICAL ASSOCIA- 
TION for the 1950 Iodine Educational Bureau 
Awerd recognizing outstanding research in 
the chemistry and pharmacy of iodine and 
its compounds as applied in pharmacy or 
medicine. Any member of the AssocrATION 
may propose a nominee by submitting eight 
copies of each of the publications to be con- 
sidered in the competition, a biographical 
sketch of the nominee including date of 
birth, and a list of his publications. Eight 
copies of the nomination must be sub- 
mitted to Robert P. Fischelis, Secretary of 
the AMERICAN PHARMACEUTICAL ASSOCIA- 
TION, 2215 Constitution Ave., N. W., Wash- 
ington 7, D.C. To be eligible for the 1950 
Award, nominations must be received on or 
before January 1, 1950. 

A nominee must be a resident of the 
United States or Canada. He must have 
accomplished outstanding research in the 
chemistry or pharmacy of iodine and its 
compounds as applied in pharmacy or 
medicine. 

During the period covered by the nomina- 
tion the nominee shall have been actively 
engaged in, shall have completed, or shall 
have published a report upon the line of 
investigation for which the award is made. 
During a period of two years prior to the 
date of nomination, the nominee shall not 
have been engaged in research under the 


sponsorship of the Iodine Educational 
Bureau, Inc. 

The award consists of $1000 and a diploma 
setting forth the reasons for selection of the 
recipient. It may be presented annually at 
the annual meeting of the AMERICAN 
PHARMACEUTICAL ASSOCIATION. 

The recipient will deliver a paper or lec- 
ture upon the subject of his scientific work at 
the meeting at which the award is conferred. 
His paper, or address, will then be pub- 
lished in the JoURNAL OF THE AMERICAN 
PHARMACEUTICAL AsSOCIATION. In addi- 
tion to the sum of the award, the recipient 
will receive an allowance of not more than 
$250 to defray his expenses in attending the 
meeting. 

The recipient will be selected by an award 
committee which is appointed by the chair- 
man of the AssocraTion’s Council and which 
functions under prescribed rules. The pres- 
ent committee includes Justin L. Powers, 
chairman; Louis Gershenfeld, Charles O. 
Wilson, Harvey B. Haag, Heber W. Young- 
ken, John C. Krantz, and Frank O. Taylor. 

The award is now in its third year. The 
recipient of the first award was Dr. William 
T. Salter, Yale University pharmacologist. 
Dr. George M. Curtis, Chairman of the De- 
partment of Surgical Research and Professor 
of Surgery at Ohio State University, will be 
the recipient of the second award and will 
give the 1950 Iodine Award lecture. 
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Compoundable Chemicals 


for Precision Compounding 


Acid Acetylsalic 


Right now, prescription demand for 
ACID ACETYLSALICYLIC is at its peak. 
But discriminating pharmacists are 
concerned not so much with the sea- 
sonal calls for medications as with 
the year-round professional quality 
of their compounded prescriptions. 
That’s why they prefer to dispense 
the MALLINCKRODT product. 
Through 328 seasons, Mallinckrodt 
chemicals have been established as 
the most eminently compoundable 


prescription ingredients— designed 
specifically for the dispensing phar- 
macist. Whether it be Acid Acetyl- 
salieylie or any other chemical, the 
Mallinckrodt label assures “U.S.P. 
plus”—purity and physical character- 
istics that make for elegant com- 
pounding. 

Check stocks, order your chemical 
needs today. Be sure to specify 
M.C.W, 


8&2 Years of Service lo Chemical Users 


Mallinckrodt Chemical Works 


Uniform, Dependable Purity 


Mallinckrodt St., St. Louis 7, Mo. 
72 Gold St., New York 8, N.Y. 
CHICAGO @ CINCINNATI @ CLEVELAND 
LOS ANGELES MONTREAL 
PHILADELPHIA @ SAN FRANCISCO 


A Few Mallinckrodt 


Prescription Chemicals: 


Acetophenetidin 

Acid Acetylsalicylic 
Acid Tannic 
Ammonium Chloride 
Bismuth Subcarbonate 
Bismuth Subnitrate 
Calomel 

Ferric Ammonium Citrate 
Magnesium Trisilicate 
Phenobarbital 
Potassium Acetate 
Potassium Bromide 
Potassium Citrate 
Potassium Iodide 
Silver Nitrate 

Sodium Bromide 
Sodium Citrate 
Sodium Iodide 
Sodium Salicylate 
Zine Oxide 
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Fine chemicals for making 
SEDATIVES 


Do yeu need a fine chemical of highest purity? 


Must it be chemically and ?e uniform, lot after 
lot and month after month 


Manufacturers of sedati give positive, affi 

answers to these two questions. Fine chemicals are 

vital ingredients in the making of sedatives, and the 

reputation of your product and your good name 

depend upon them. 

Uemost purity in fine chemicals is demanded because 

sedatives are for internal use. 

Absolute uniformity in fine chemicals is demanded 

because this assures ease in manufacturing sedatives 

to precise dosage. 

On this page, are listed several Baker Fine Chemicals Chloral Hydrate U.S.P. 

for sedatives. In this list, or in the Baker line, there 

is the right one for you. Whichever it is, that fine 

chemical brings you purity to the decimal, and is Sodium Pentobarbital Acetophenetidin 
regularly available to uniform physical standards. 

No matter what drug or pharmaceutical product you 

manufacture—if it requires one or more fine chemicals Potassium Bromide Sodium Salicylate 
of uniformity and measured purity—specify Baker. 

Address: J. T. Baker Chemical Co., Executive Offices 

and Plant, Phillipsburg, N. J. Acetylsalicylic Acid (Aspirin) U.S.P. 


Baker's Chemicais 


C.P ANALYZED + FINE “INDUSTRIAL 
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